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ESSAY  I 


OF  THE  COMPOSITION  AND  ANALYSIS 


UNPOWDER  is  an  artificial 


compofition,  confiding  of falt- 
fetre , Julphur,  and  charcoal.  The 
principal  things  to  be  refpedted  in 
the  making  of  gunpowder  are, — the 
goodnefs  of  the  ingredients; — the 
manner  of  mixing  them; — the  pro- 
portion in  which  they  are  to  be  com- 
bined ; — and  the  drying  of  the  pow- 
der after  it  is  made. 


OF  GUNPOWDER 


A 


VOL.  II. 


Salt- 
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Saltpetre,  in  its  crude  ftate,  whe- 
ther it  be  brought  from  the  Eaft 
Indies,  or  made  in  Europe,  is  gene- 
rally if  not  univerfally,  mixed  with 
a greater  or  lefs  portion  of  common 
fait:  now  a fmall  portion  of  common 
fait  injures  the  goodnefs  of  a large 
quantity  of  gunpowder,  hence  it  be- 
comes neceflary,  in  making  gunpow- 
der, to  ufe  the  very  finefl:  faltpetre* 
. — The  pure  ft  fulph’ur,  is  that  frhich 
is  fold  in  the  fliops  under  the  nartre  of 
flowers  of  tulphur  j but  the  roll  ful- 
phur,  being  much  cheaper  than  the 

• f ' 

flowers  of  fulphur,  ^nd  being  alfo  of 
a great  degree  of  purity,  it  is  the  only 
foft  which  is  ufed  in  the  manufac- 
turing of  gunpowder. — With  relation 
to  the  charcoal,  it  has  been  generally 
believed  that  the  coal  from  Toft  and 
light  woods  was  better  adapted  to 

3 the 
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the  making  of  gunpowder,  than  that 
from  the  hard  and  heavy  ones;  thus 
Evelyn  fays  of  the  hazel  that <c  it  made 
one  of  the  bell  coals  ufed  for  gun- 
powder, being  very  fine  and  light, 
till  they  found  alder  to  be  more  fit*.” 
And  in  another  place  he  thinks  that 
lime-tree  coal  is  Hill  better  than  that 
from  alder  f.  An  eminent  French 
ehemift  has  (hewn,  from  actual  ex- 
periment, that  this  opinion  in  fa- 
vour of  coal  from  light  woods,  is  ill 
founded;  he  affirms,  that  powder 
made  from  lime-tree  coal,  or  even 
from  the  coal  of  the  pith  of  elder 
tree,  is  in  no  refpect  preferable  to 
that  made  from  the  coal  of  the  hard- 
eft  woods,  fuch  as  guaiacum  and 

oak. 

* Evelyn’s  Silra,  by  Dr.  Hunter,  p.  223. 
f Id.  p,  946, 
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oakj.  This  remark,  if  it  be  con- 
firmed by  future  experience,  may 
be  of  ufe  to  the  makers  of  gunpow- 
der; as  it  is  not  always  an  eafy  mat- 
ter for  them  to  procure  a fufficient 
quantity  of  the  coal  of  foft  wood. 

The  mixture  of  the  materials  of 
which  gunpowder  is  made,  fhould 
be  as  intimate  and  as  uniform  as 
pofi^ible;  for,  in  whatever  manner 
the  explofion  may  be  accounted  for, 
it  is  certain  that  the  three  ingredients 
are  neceflary  to  produce  it.  Salt- 
petre and  fulphur  mixed  together 
give  no  explofion ; fulphur  and  char- 
coal give  no  explofion;  and  though 
faltpetre  and  charcoal,  when  inti- 
mately mixed,  do  give  an  explofion, 
yet  it  is,  probably,  of  far  lefs  force 
than  what  is  produced  from  a mix- 
ture 


l €hym.  par  M.  Banme.  Vol.  I.  p.  455. 
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Cure  of  the  three  ingredients.  I have 
faid,  probably ; becaufe  this  point 
does  not  feem  to  be  quite  fettled  at 
prefent,  as  may  appear  from  the  fol- 
lowing opinions,  of  two  eminent 
chemifts,  each  of  whom  appeals  to 

experience. fC  Un  melange  de 

fix  onces  de  nitre  et  d’  une  once  de 
charbon  produit  une  poudre  qui  a 
moitie  moins  de  force  que  toutes  cel ' 
les  dans  lefquelles  on  fait  entrer  du 
foufre : cette  fubftance  eft  done  abfo* 
lument  effentielle  a la  compofition 
de  la  poudre.  Dans  le  temps  que 
je  travaillois  fur  cette  matiere,  quel- 
ques  particuliers  propoferent  de  faire 
de  la  poudre  fans  foufre:  ils  pro- 
mettoient  qu’  elle  feroit  plus  forte, 
— La  poudre  dans  laquelle  on  fait 
entrer  une  petite  quantite  de  foufre, 
A 3 aug- 
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augmente  de  force  du  double — - 
<c  The  principal  ingredients  of  gun- 
powder, and  thofe  to  which  it  owes 
its  force,  are  nitre  and  charcoal ; for 
thefe  two  ingredients  well  mixed  to- 
gether, conftitute  gunpowder  at  leaf: 
equal,  if  not  fuperior  in  ftrength  to 
common  gunpowder  (as  I found  by- 
experience),  and  may  be  feen  in  the 
Memoire  of  Count  Saluce  inferred 
in  the  Melanges  de  Philofophie  et  de 
Mathematiques , de  V Academie  Royals 
de  Turin . The  fulphur  feems  to  ferve 
only  for  the  purpofe  of  fetting  fire 
to  the  mafs  with  a lefs  degree  of 
heat”T. — ^ I may  truft  fome  crude 
experiments  which  I have  made  with 

a com* 

* Chy.  par  M.  Baume.  Vol.  I.  p.  461. 

| rhiiof.  Tranf.  1779.  p.  397,  where  the 
reader  will-  find  feveral  ingenious  experiments 
relative  to  the  nature  of  gunpowder  by  Dr.  In- 
genhoufz. 
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a common  powder  Trier,  I muft  ac- 
cede to  the  opinion  of  M.  Baume;  as 
I repeatedly  found  that  equal  bulks 
of  common  powder,  and  of  the  fame 
fort,  of  powder,  freed  from  itsfulphur 
by  a gentle  evaporation,  differed 
very  much  both  in  the  loudnefs  and 
force  of  the  explofion ; the  powder 
which  had  loft  its  fulphur  being  in- 
ferior to  the  other  in  both  particu- 
lars. It  is  not  without  reafon,  that 
equal  bulks  are  here  fpecified,  for 
any  definite  meafure  of  common 
powder  weighs  more  than  the  fame 
meafure  of  powder  which  has  loft 
its  fulphur;  hence  the  refult  of  ex- 
periments made  with  equal  weights 
of  thefe  powders,  will  be  different 
from  that  which  is  derived  from  the 
explofion  of  equal  bulks : may  not 
this  obfervation  tend  to  reconcile  the 
A 4 opinions 


( 8 ) 

opinions  before  mentioned  ? But 
whether  fulphur  be  an  abfolutely 
necefiary  ingredient  in  the  compo- 
fition  of  good  gunpowder  or  not,  it  is 
certain  that  an  accurate  mixture  of 
the  ingredients  is  efientially  requi- 
fite.  In  order  to  accomplifh  this  ac- 
curate mixture,  the  ingredients  are 
previoufly  reduced  into  coarfe  pow- 
ders, and  afterwards  ground  and 
pounded  together,  till  the  powder 
becomes  exceeding  fine ; and  when 
that  is  done  the  gunpowder  is  made. 
But  as  gunpowder,  in  the  date  of  an 
impalpable  dull:,  would  be  incon- 
venient in  its  ufe,  it  has  been  cufto- 
mary  to  reduce  it  into  grains,  by 
forcing  it,  when  moiftened  with  wa- 
ter, through  fieves  of  various  fizes. 

The  neceflity  of  a complete  mix- 
ture of  the  materials,  in  order  to 

have 
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have  good  gunpowder,  is  fenfibly 
felt,  in  the  ufe  of  fuch  as  has  been 
dried  after  having  been  accidentally 
wetted.  There  may  be  the  fame 
weight  of  the  powder  after  it  has 
been  dried,  that  there  was  before  it 
was  wetted ; but  its  ftrength  is  greatly 
diminilhed  on  account  of  the  mix- 
ture of  the  ingredients  being  lefs 
perfedV.  This  diminution  of  ftrength 
proceeds  from  the  water  having  dif- 
folved  a portion  of  the  faltpetre  (the 
other  two  ingredients  not  being  fo- 
luble  in  water) ; for  upon  drying  the 
powder,  the  diflolved  faltpetre  will 
be  cryftallized  in  particles  much 
larger  than  thofe  were,  which  entered 
into  the  compofition  of  the  gunpow- 
der, and  thus  the  mixture  will  be 
lefs  intimate  and  uniform,  than  it 
was  before  the  wetting.  This  wet- 
ting 
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ting  Q f gunpowder,  is  often  occa«* 
fioned  by  the  mere  moifture  of  the 
atmofphere.  Great  complaints  were 
made  concerning  the  badqefs  of  the 
gunpowder  ufed  by  the  Englifh  in 
their  engagement  with  the  French 
fleet  oft  Grenada,  in  July,  177 9 ; 
the  French  having  done  much  da- 
mage to  the  mafts  and  rigging  pf  the 
Englifh,  when  the  Englilh  fliot  would 
not  reach  them.  When  this  matter 
•was  inquired  into  by  the  Houfe  of 
Commons,  it  appeared  that  the  pow- 
der had  been  injured  by  the  moiflure 
of  the  atmofphere;  it  had  concreted 
into  large  lumps,  in  the  middle  of 
which  the  faltpetre  was  yifible  to  the 
naked  eye.  If  the  wetting  has  been 
confiderable,  the  powder  is  rendered 
wholly  unfit  for  ufe;  but  if  no  fo- 
reign fubflan.ee  has  been  mixed  with 
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it  except  frefli  water,  it  may  be  made 
into  good  gunpowder  again,  by  be- 
ing properly  pounded  and  granulat- 
ed. If  the  wetting  has  been  occa- 
sioned by  fait  water,  and  that  to  any 
confiderable  degree,  the  fea  fait,  upon 
drying  the  powder,  will  remain  mix- 
ed with  it,  and  may  fo  far  vitiate 
its  quality,  that  it  can  never  be  ufed 
again  in  the  form  of  gunpowder. 
However,  as,  by  folution  in  water 
and  fubfequent  cryfuallization,  the 
molt  valuable  part  of  the  gunpowder, 
namely,  the  faltpetre,  may  be  ex- 
traded,  and  in  its  original  purity, 
even  from  powder  that  has  been 
wetted  by  fea  water,  or  otherwife 
lpoiled,  the  faving  a damaged  pow- 
der, is  a matter  of  national  ceconomy, 
and  defervedly  attended  to  in  the 
Elaboratory  at  Woolwich. 


The 
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The  proportions  in  which  the  in- 
gredients of  gunpowder  are  com- 
bined together,  are  not  the  fame  in 
different  nations,  nor  in  different 
works  of  the  fame  nation,  even  for 
powder  deftined  to  the  fame  ufe.  It 
is  difficult  to  obtain  from  the  makers 
of  gunpowder,  any  information  upon 
this  fubjeCt ; their  backwardnefs  in 
this  particular,  arifes  not  fo  much 
from  any  of  them  fancying  them- 
felves  poffeffed  of  the  beft  poffible 
proportion,  as  from  an  affeCtation 
of  myftery,  common  to  moft  manu- 
facturers, and  an  apprehenfion  of 
difcovering  to  the  world,  that  they 
do  not  ufe  fo  much  faltpetre  as  they 
ought  to  do,  or  as  their  competitors 
in  trade  really  do  ufe.  Saltpetre  is 
not  only  a much  dearer  commodity 
than  either  fulphur  or  charcoal  but 
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it  enters  alfo  in  a much  greater  pro- 
portion into  the  compofition  of  gun- 
powder, then  both  thefe  materials 
taken  together;  hence,  there  is  a 
great  temptation  to  leiTen  the  quan- 
tity of  the  faltpetre,  and  to  augment 
that  of  the  other  ingredientsj  and 
the  fraud  is  not  eafily  detedfed,  fince 
gunpowder,  which  will  explode  rea- 
dily and  loudly,  may  be  made  with 
very  different  quantities  of  falt- 
petre. • , 

Ba'ptifia  Porta  died  in  the  year 
1515;  he  gives  three  different  pro- 
portions for  the  making  of  gunpow- 
der, according  as  it  was  required  to 
be  of  different  flrength*.  I have 
reduced  his  proportions,  fo  that  the 
reader  may  fee  the  quantities  of  the 
feveral  ingredients,  contained  in  100 

pounds 


* Mag.  Nat.  L.  XII.  c.  3, 
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pounds  weight  of  each  fort  of  pow- 
der. 


Saltpetre 

Sulphur 

Charcoal 


f i . . t 


Weak, 

Strong. 

Strongeft. 

66 fib. 

75 

So 

1 2 k 

10 

*6I 

122 

10 

100 

100 

100 

It  is  fomewhat  remarkable,  that, 
in  all  thefe  proportions,  the  fulphur 
and  charcoal  are  ufed  in  equal  quan- 
tities. Cardan  died  about  fixty  years 
after  Baptifta  Porta,  and  in  that  in- 
terval, the  proportions  of  the  ingre- 
dients of  gunpowder  feem  to  have 
undergone  a great  change.  -Cardan’s 
proportions  for  great,  middle-fized, 
and  fmall  guns,  are  expreffed  in 
the  Following  table.* 

kSalt- 


* Card.  Oper.  Vol.  III.  p.  379. 
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Gt.  Guns. 

Mid.  fizfed. 

Small. 

Saltpetre  501b. 

66f 

83? 

Suiphut  163 

j3t 

H 

Charcoal  33, 

20 

100 

100 

ICO 

For  great  and  middle-fized  guns, 
we  fee  a much  greater  proportion  of 
charcoal  than  of  fulphur,  was  ufed 
in  Cardan’s  time;  at  preterit,  I be- 
lieve, it  is  in  moll  places  the  re- 
verfe,  or  at  leaft,  the  charcoal  no 
where  exceeds  the  fulphur.  I have 
put  down  the  proportions  ufed  at 
prefent  in  England,  France,  Swe- 
den, Poland,  arid  Italy,  for  the  belt 
kind  of  gunpowder. 


Salt-? 


( 

VD 

Eng. 

Fran. 

Swed. 

Pol. 

Italy. 

Saltpetre  75 

75 

9x 

75 

80 

7^4: 

Sulphur  15 

16 

12 

Charcoal  10 

*5* 

9 

8 

12^ 

100* 

IOO|| 

| 

O 

° 

M 1 

II 

ioiif 

Several  experiments  have  been 
lately  made  in  France,  in  order  to 
determine  the  exadt  proportions  of 
the  feveral  ingredients  which  would 
produce  the  ftrongeft  poftible  pow- 
der; thefe  proportions  when  reduced, 
as  all  the  reft  have  been,  to  the  quan- 
tity 

i 

* Thefe  are  faid  to  be  the  proportions  of 
government  powder. — Pemb.  Chem.  p.  207 

II  Chem.  Di£t.  8c  Baume’s  Chem.  Vol.  I. 

p.  466. 

+ Mem.  de  Chem.  Vol.  II.  p.  42  5,  where  it 
is  faid,  that  two  fpecimens  of  powder  from 
Holland,  gave  only  71  lb.  of  faltpetre  from  100 
of  powder. 

t Comm.  Scien.  Bonon.  Vol.  IV.  p.  113. 
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tity  compofing  one  hundred  pounds 
of  gunpowder,  are 

Saltpetre  80  lb. 

Charcoal  15 

i Sulphur  5 


100 


From  hence  It  would  appear,  that 
in  a certain  weight  of  laltpetre,  the 
powder  would  produce  the  greatefl 
effeft,  when  the  weight  of  the  char- 
coal was  to  that  of  the  fulphur,  as  3 
to  1.  On  the  other  hand,  experi- 
ments are  produced  from  which  it  is, 
to  be  concluded,  that  in  a certain 
weight  of  faltpetre  the  belt  powder 
is  made,  when  the  fulphur  is  to  the 
charcoal,  in  the  proportion  of  2 to  1. 
From  thefe  different  accounts,  it 
feems  as  if  the  problem  of  deter- 
yoL.  11.  B 


mining: 
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mining  the  very  beft  poffible  propor« 
tion  was  not  yet  folved. 

In  drying  gun-powder,  after  it  is 
reduced  into  grains,  there  are  two 
things  to  be  avoided,  too  much  and 
too  little  heat.  If  the  heat  is  too 
great,  a portion  of  the  fulphur  will 
be  driven  oif,  and  thus  the  propor- 
tion of  the  ingredients  being  chang- 
ed, the  gcodnefs  of  the  powder,  fo 
far  as  it  depends  on  that  proportion, 
will  be  injured.  In  order  to  fee  what 
quantity  of  fulphur  might  be  fepa- 
rated  from  gunpowder,  by  a degree 
of  heat  not  fufficient  to  explode  it,  I 
took  24  grains  of  the  powder  marked 
f f in  the  (hops,  and  placing  it  on  a 
piece  of  polilhed  copper,  I heated 
the  copper  by  holding  it  over  the 
flame  of  a candle;  the  gunpowder 
foon  fent  forth  a ftrong  fulphureous 

vapour* 
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vapour;  and  when  it  had  been  dried 
fo  long  that  no  more  fume  or  fmell 
could  be  didinguifned,  the  remainder 
weighed  1 9 grains,  the  lofs  amount- 
ing to  5 grains*  The  remainder  did 
not  explode  by  a fpark  like  gun- 
powder, but  like  a mixture  of  falo 
petre  and  charcoal,  and  it  really  was 
nothing  elfe,  all  the  fulphur  having 
been  difiipated.  Gunpowder  was  for- 
merly dried  by  being  Cxpofed  to  the 
heat  of  the  furs  and  this  method  is 
hill  in  ufe  in  France,  and  in  forne 
other  countries ; afterwards  a way 
was  invented  of  expofmg  it  to  a heat 
equal  to  that  of  boiling  water;  at 
prefent  it  is  mod:  generally  in  Eng- 
land dried  in  (loves  heated  by  great 
iron  pots;  with  any  tolerable  caution 
no  danger  of  explofion  need  be  ap  - 
prehended from  this  method.  All 
B 2 the 
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the  watery  parts  of  the  gunpowder 
may  be  evaporated  by  a degree  of 
heat  greatly  lefs  than  that  in  which 
gunpowder  explodes,  that  degree 
having  been  afcertained,  by  fome 
late  experiments,  to  be  about  the 
dooth  degree  on  Fahrenheit’s  fcale, 
in  which  the  heat  of  boiling  water 
is  fixed  at  212.  There  is  more  dan- 
ger of  evaporating  a portion  of  the 
iulphur,  in  this  way  of  drying  gun- 
powder, than  when  it  is  dried  by  ex- 
pofure  to  the  fun. 

The  necefiity  of  freeing  gunpow- 
der from  all  its  moifture,  is  obvious 
from  the  following  experiment,  which 
was  made  fome  years  ago  before  the 
Royal  Society.  A quantity  of  gun- 
powder was  taken  out  of  a barrel,  and 
dried  with  a heat  equal  to  that  in 
which  water  boils ; a piece  of  ord- 
nance 
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nance  was  charged  with  a certain' 
weight  of  this  dried  powder,  and  the 
diftance  to  which  it  threw  a ball  was 
marked.  The  fume  piece  was  charg- 
ed with  an  equal  weight  of  the  fame 
kind  of  powder,  taken  out  of  the  fame 
barrel,  but  not  dried,  and  it  threw- 
an  equal  ball  only  to  one  half  the 
diftance.  This  effedt  of  moifture  is 
fo  fenfible,  that  fome  officers  have 
affirmed,  that  they  have  feen  barrels 
of  gunpowder  which  was  good  in  the 
morning,  but  which  became  (by  at- 
tradting,  probably,  the  humidity  of 
the  air)  good  for  nothing  in  the  even- 
ing*. In  order  to  keep  the  powder 
dry,  by  preventing  the  accefs  of  the 
B 3 air, 

* — qu’  il  avoit  vu,  dans  Ics  guerres  d* 
Italie,  quelques  barrels  de  poudre  qui  etoit 
bonftc-le  matin,  et  qui  ne  valoit  lien  le  foir* 
Hift.  Nat.  del’  Efpagne,  p.  82,, 
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air,  it  has  been  proposed  to  line  the 
barrels  with  tin  foil,  or  with  thin: 
fheets  of  lead,  after  the  manneF  in 
which  tea-boxes  are  linedf . — Would 
it  not  be  poffible  to  prefer ve  powder 
free  from  moifture,  and  from  the  lofs 
of  a part  of  its  fulphur  in  hot  cli- 
mates, bykeeping  it  in  glazed  earthen 
bottles,  or  in  bottles  made  of  copper 
or  tin,  well  corked  ? 

This  difpofition  to  attract  the 
humidity  of  the  air,  is  different  in 
different  forts  of  powder,  it  is  the 
lead;  in  that  which  is  made  from  the 
pureft  faltpetre;  pure  faltpetre,  which 
has  been  dried  as  gunpowder  is  dried* 
does  not  become  heavier  by  expo** 
fare  to  the  atmofphere;  at  lead,  its 
increafe  of  weight  is  very  fmall,  not 
amounting,  as  far  as  my  experiment^ 

have 
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have  informed  me,  to  above  one  7 id 
part  of  its  weight ; I rather  think 
that  it  does  not  acquire  any  increafe 
of  weight.  But  faltpetre  mixed  with 
lea  fait,  attracts  the  humidity  very 
fenfibly,  and  hence,  though  there 
fnould  be  the  fame  weight  of  faline 
matter  in  a certain  weight  of  gun- 


powder, yet  the  goodnefs  of  the  pow- 
der may  be  very  variable,  not  only 
from  the  foreign  faline  matter,  be  it 
fea  fait,  or  any  other  fak,  injuring 
the  quality  of  the  powder  as  being 
an  improper  ingredient,  but  from 
its  rendering  the  powder  more  liable 
to  become  humid. 

Saltpetre  being  the  ingredient,  in 


which  there  is  the  greateft  room  for 
fraud,  in  the  compolkion  of  gun- 
powder, and  on  the  quantity  of  which 
its  ftrength  chiefly  depends,  the  rea- 
B 4 der 
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tier  will  excufe  the  minutenefs  of  the 
ollowing  procefs,  to  afcertain  the 
quantity  of  faltpetre  contained  in 
any  fpecimen  of  gunpowder. 

Take  any  quantity  of  gunpowder, 
pound  it  in  a glafs  mortar  till  all  the 
grains  are  broken,  lay  it  before  a 
gentle  fire  till  it  be  quite  dry,  in  that 
ftate  weigh  accurately  any  quantity 
of  it,  fuppofe  4 ounces ; boil  thefe 
four  ounces  in  about  a quart  of  wa- 
ter, the  boiling  need  neither  be  vio- 
lent nor  long  continued,  for  the  wa- 
ter will  readily  diffolve  all  the  falt- 
petre, or  other  faline  matter,  and  not 
a particle  of  either  the  fulphurorthe 
charcoal  of  the  powder.  In  order  to 
feparate  the  water  containing  the 
faltpetre,  from  the  fulphur  and  char- 
coal, pour'  the  whole  into  a filter 
made  of  brown  papers  the  water 


con- 
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containing  the  faltpetre  will  run' 
through  the  paper,  and  muft  be  care- 
fully prefervedj  the  charcoal  and- 
fulphur  will  remain  upon  the  paper. 
But  as  fome  particles  of  faltpetre 
will  kick  both  to  the  filtering  paper 
and  to  the  mafs  of  fulphur  and  char- 
coal, thefe  are  to  be  repeatedly  wafh- 
ed,  by  pouring  hot  water  upon  them, 
till  the  water  in  running  through  the 
filter  is  quite  infipid ; then  we  may- 
be certain,  that  we  have  all  the  falt- 
petre originally  contained  in  the  pow- 
der, now  dififolved  in  the  water,  and 
all  the  fulphur  and  charcoal  remain- 
ing a mixed  mafs  upon  the  filter. 
Thefe  refpedtive  quantities  may  be 
afcertained  without  much  difficulty. 
The  water  containing  the  diffolved 
faftpetre,  mull  be  evaporated  by  a 
gentle  heat ; the  faltpetre  cannot  be 


eva- 
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evaporated  by  the  fame  degree  of 
heat  which  evaporates  the  water,  all 
the  faltpetre  then  contained  in  the 
gunpowder,  will  remain  after  the 
water  is  difperfed,  and  being  care- 
fully colleded  and  weighed,  it  will 
fhew  the  quantity  of  faline  matter 
contained  in  the  powder.  Dry  the 
mafs  of  fulphur  and  charcoal,  by 
laying  the  filtering  paper  containing 
it  before  the  fire ; it  fhould  be  made 
as  dry  as  the  powder  Was  before  it  was 
. diffolved  in  the  water:  in  that  ftate 
weigh  the  faltpetre  and  charcoal ; and, 
when  the  experiment  has  been  accu- 
rately made,  the  weight  of  the  falt- 
petre added  to  that  of  the  mixture  of 
fulphur  and  charcoal,  wdll  juft  amount 
to  four  ounces,  the  weight  of  the 
powder.  The  quantity  of  faline 
matter  contained  in  any  fpecimen  of 

gun- 
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gunpowder,  being  thus  afcertained, 
its  quality  may  be  known  by  diffol'v- 
ing  it  in  water,  and  cryftallizing  it; 
if  any  part  of  it  cryftallizes  in  little 
cubes,  it  is  a fign  that  it  contains 
fea  fait;  or  if  any.  part  of  it,  after 
being  duly  evaporated,  will  not  cry- 
ftallize,  it  is  a fign  that  it  contains 
another  fort  of  impurity,  called  by 
faltpetre  makers,  the  mother  of  nitre> 
which  powerfully  attracts  the  humi- 
dity of  the  air. 

The  gunpowder  marked  f f,  was 
analyfed  in  the  following  manner. 
Twenty* four  grains,  by  evaporating 
the  fulphur,  were  reduced  to  nine- 
teen ; thefe  nineteen  grains  gave,  by 
folution  in  water  and  fubfequent  fil- 
tration and  cryftallization,  fixteen 
grains  of  faltpetre,  the  charcoal,  when 
properly  dried,  weighed  three  grains. 
2 Ac-* 


C 28  ) 

According'to  thefe  proportions,  ioa 
pounds  of  this  kind  of  gunpowder 
confided  of 

Saltpetre  66- 

Sulphur  2pi-, 

Charcoal  124 

100  lb. 

I tried  this  gunpowder  in  two  or 
three  other  ways,  by  taking  larger 
quantities  of  it,  but  the  quantity  of 
faltpetre  was  always  661b.  together 
.with  fome  fractional  part  of  a pound, 
from  ioc  lb.  of  gunpowder.  The 
powders  marked  with  a lingle  and 
a double  f,  differ  in  the  fize  of  the 
grain,  but  they  do  not  feem  to  differ, 
as  far  as  I have  tried  them,  in  the 
quantity  of  the  faltpetre  they  contain. 
From  fome  forts  of  powder*  I have 
got  after  the  rate  of  761b.  of  falt- 
petre, from  1 00  lb.  of  the  gunpowder. 

The 
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The  method  of  analyftng  gun- 
powder, by  evaporating  the  fulphur, 
'is  not  wholiy  to  be  relied  upon;  I 
have  often  obferved,  that  when  mix- 
tures of  fulphur  and  charcoal  have 
been  expofed  to  evaporation,  on  a 
plate  of  heated  copper,  the  remainder 
has  weighed  lefs  than  the  charcoal 
which  entered  the  compofition,  part 
of  it  having  been  carried  off  by  the 
violent  evaporation  of  the  fulphur : 
and  hence  the  proportion  of  fulphur 
in  the  above  analyfis  is  probably  too 
great.  I am  aware  that  this  obferva- 
tion  is  wholly  oppofite  to  the  con- 
clufion  of  M.  Baume,  who  contends, 
that  one  twenty-fourth  part  of  the 
weight  of  the  fulphur  employed  in 
any  mixture  of  fulphur  and  char- 
coal, adheres  fo  ftrongly  to  the  char- 
coal, that  it  cannot  be  feparated  from 

it 
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it  without  burning  the  charcoal. — ■ 
I can  only  fay,  that  he  feparated  the 
fulphur  by  burning  it,  and  I feparat- 
ed mine  by  fubliming  it  without  fuf- 
fering  it  to  take  fire,  and  this  differ- 
ence in  the  manner  of  making  the 
experiment,  may,  perhaps,  be  lufE- 
cient  to  account  for  the  different 
refults. — But  it  is  unneceffary  to 
purfue  this  fubjedt  further,  there  are 
feveral  things  to  be  attended  to  in 
forming  a complete  analyfis  of  gun- 
powder, which  any  perfon  tolerably 
well  verfed  in  chemiftry,  wrould  cer- 
tainly take  notice  of,  if  the  analyfis 
of  any  particular  powder  was  requir- 
ed to  be  made,  and  which  cannot  in 
this  general  view  be  minutely  de- 
ferred : and,  indeed,  it  is  the  lefs 
necelfary  to  enter  into  a detail  on 
this  fubjedt,  as  the  ftrength  of  the 

powder 
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powder  is  not  much  affected  by  finall 
variations  in  the  quantities  of  the 
fulphur  and  charcoal,  which  enter 
into  its  compofition ; and  the  me- 
thod of  afcertaining  the  quantity  and 
quality  of  the  faltpetre,  in  any  par- 
ticular gunpowder,  has  been  fuffi- 
ciently  explained. 

In  order  to  judge  with  more  cer- 
tainty concerning  the  effeft  of  fea 
fait,  when  mixed  with  faltpetre,  in 
attracting  the  humidity  of  the  air,  I 
made  the  following  experiment.  Five 
parts  of  pure  faltpetre  in  powder, 
were  expofed  for  a month  to  a moift 
atmofphere,  but  I did  not  obferve 
that  the  faltpetre  had  gained  the  lead: 
increafe  of  weight;  for  the  fame 
length  of  time,  and  in  the  fame  place, 
I expofed  four  parts  of  faltpetre 

mixed 
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mixed  with  one  of  common  fait,  and 
this  mixture  had  attracted  fo  much 


moifture,  that  it  was  in  a ftate  of 


ESSAY 


ESS 
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OF  COMMON  SALT. 


OMMON  fait  is  a neutral  fait. 


it  has  neither  an  acid  nor  an 
alkaline  tafte,  nor  does  it  change  the 
blue  colour  of  vegetables  into  a red 
as  acids  do,  nor  into  a green  as  al- 
kalies do.  It  confifts  of  two  things, 
of  an  acid  peculiar  to  itfelf,  and  of 
the  alkali  which  is  feparable  from 
the  afhes  of  marfh  famphire  and 
other  maritime  plants,  and  which 
vol.  ii.  C has 
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has  been  denominated  the  mineral  or 
fojfile  fixed  alkali.  The  foflile  alkali, 
as  was  obferved  of  the  vegetable  al- 
kali, when  the  manner  of  decom- 
pofing  faltpetre  was  explained,  is 
more  powerfully  attracted  by  the 
acid  of  vitriol  than  by  the  acid  of 
common  fait  ; hence  common  fait 
is  effectually  decompofed  when  it  is 
diddled  in  conjunction  with  the  acid 
of  vitriol,  for  this  acid  expels  the 
acid  of  common  fait  from  its  union 
with  the  mineral  alkali,  and  unites 
itfelf  with  it  in  its  dead:  the  acid 
of  common  fait  being  thus  difen- 
gaged  from  its  bafis,  is  eafily,  by  the 
heat,  railed  in  vapour,  and  forced  into 
the  receiver.  The  acid  of  common 
fait,  thus  obtained,  is  very  volatile, 
condantly  emitting  white  fumes;  and 
it  is  ufually  called  the  marine  acid , 
3 tvhe 
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the  muriatic  acid , Glauber's  fuming  acid 
or  fpirit  of  fait.  If  the  reader  pours 
a few  drops  of  very  ftrong  acid  of 
vitriol  on  a fmall  portion  of  dry  com- 
mon fait,  he  will  fee  a white  vapour 
arifing  from  the  fait;  this  vapour  is 
the  moft  volatile  part  of  the  acid  of 
the  fait,  and  a judgment  may  be 
formed  of  its  pungency  and  vola- 
tility, from  its  prelently  inferring 
the  air  with  its  fmell  to  a great  ex- 
tent. This  acid  vapour  is  a kind 
of  air,  for  it  retains  its  elafticity  for 
fome  time,  not  being  readily  con- 
denfable  by  cold.  It  has  engaged 
the  attention  of  Dr.  Prieftlev ; and  wi  th 
his  accuftomed  ingenuity,  he  has 
madefeveral  experiments,  from  which 
we  learn,  that  this  vapour  when  con- 
denfed,  conftitutes  an  acid  which  is 
twice  as  heavy  as  rain  water,  and  that 
, C % the 
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the  ftrongeft  acid  of  fait  may  be  corr- 
fidered  as  confiding  of  one  third  of 
this  elaftic  vapour,  and  of  two  thirds 
of  water*.  After  the  extraction  of 
the  acidy  which  is  one  of  the  condi- 
ment parts  of  common  fait,  there  re- 
mains, in  the  vefTel  ufed  for  the  dis- 
tillation, a compound  mals,  con- 
lifting  of  the  acid  cf  vitriol  united 
with  the  mineral  fixed  aikali , the  other 
condituent  part  of  common  fait?: 
this  is  proved  by  diflblving  the  mafs, 
and  cryltallizing  it,  for  the  cryftak 
are  precifely  the  fame  as  would  re- 
fult  from  a direft  combination  of  the 
acid  of  vitriol  with  the  mineral  fixed 
alkali.  The  fait  refulting  from  a 
decompofition  of  common  fait  by 
means  of  the  acid  of  vitriol,  or  from 
a diredt  combination  of  that  acid 

with 


* Philof.  Trarif.  1772.  p.  239. 
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with  the  mineral  alkali,  is  the  genuine 
Glauber's  fait.  The  artificial  com- 
pofltion  of  common  fait,  confirms 
the  account  we  have  given  of  its 
conflituent  parts  from  its  analyfis, 
for  if  we  combine  the  acid  procured 
from  diftilling  common  fait  and  acid 
of  vitriol  together,  with  the  mineral 
fixed  alkali,  there  will  refult  from 
their  union,  a fait,  in  all  refpeiffs  the 
fame  as  common  fait,  except  that  it 
will  be  fomewhat  more  pure  than 
common  fait;  the  fait  thus  produced 
. is  called  regenerated  Jalt . 

Common  fait  is  generally  diftin- 
iguifhed  by  mineralogical  writers  in- 
t to  three  different  forts — -fojftle  fait — 
fpring  fait — fea  Jalt . In  chemiffry 
'though  we  admit  this  divifion,  as 
Sferviceable  in  pointing  out  the  three 
general  fources  from  which  common 
C 3 , fait 
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fait  Is  moft  copioufly  derived,  yet 
we  reckon  all  thefe  falts,  when  pure* 
to  be  of  the  fame  fort;  they  are  all 
compofed  of  the  marine  arid,  and  of 
the  mineral  fixed  alkali. 

Fojfile  or  reck  fait,  is  found  in  large 
beds  in  the  bowels  of  the  earth,  in 
every  quarter  of  the  globe;  it  is 
fometimes  cryftallized,  and  as  trans- 
parent as  a diamond, and  it  has  thence 
been  called  fal  gemma; ; but  it  is  more 
frequently  found  in  irregular  maftes 
of  a red,  yellow,  or  blue  colour, 
There  are  Several  mines  of  rock  fait 
near  Northwich  in  Chejhire ; the  fir  ft 
of  which  was  difeovered,  as  they  were 
boring  for  coal,  in  the  year  1670*. 

The  Springs  which  are  met  with* 
both  above  and  below  the  level  of  the 
Northwich  bed  of  rock  fait,  are 

Strongly 

* Philof,  Tranf.  No.  66, 
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ftrongly  impregnated  with  fait.  This 
is  eafily  accounted  for;  the  rain  wa- 
ter in  finking  through  the  ground 
which  lies  over  the  rock  fait,  at  laft 
arrives  at  the  fait;  its  further  defcent 
is  in  a great  meafjre  obftru&ed  by 
the  folid  body  of  fait,  it  refts  upon 
•it,  and  in  refting  upon  the  fait  it  dif- 
folves  it,  and  thus  conftitutes  a brine 
fpring  above  the  level  of  the  bed  of 
rock  fait.  The  brine  fprings,  which 
are  found  below  that  level,  probably 
arife  from  the  water,  which  has  dif- 
folved  a portion  of  rock  fait,  in  fink- 
ing to  that  depth  in  the  earth. 

I have  had  the  curiofity  to  go  .to 
the  bottom  of  fome  of  the  mod  fa- 
mous mines  in  England;  fuch  as  the 
copper  mine  at  E6ton ; the  coal  mines 
at  Whitehaven  and  Newcaftle;  the 
cannel  coal  mines  in  Lancaihire;  and 
C 4 a va- 
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a variety  oflead  mines  in  Derbyfhire, 
andother  places ; but  I never  thought 
my  labour,  in  thefe  fubterraneous 
expeditions  fo  well  rewarded,  as  in 
the  fight  of  the  rock-falt  mines  at 
Northwich.  The  fait  mines  at  Wi- 
Jizko  near  Cracow  in  Poland,  have 
long  been  a fubjeft  of  admiration, 
and  every  traveller  has  exerted  his 
defcriptive  talents,  in  magnifying  the 
ftupendous  wonders  which  are  there 
to  be  met  with.  Thefe  mines  have 
been  wrought  above  five  hundred 
years,  and  from  that  circumftance 
we  may  readily  imagine,  the  great 
number  of  vaft  caverns  which  have 
been  formed  in  confequence  of  the 
blocks  of  fait  which  have  been  an- 
nually extraded : yet  it  deferves  to 
be  remarked,  that  the  Northwich 
rock  fait  mines  are  fuperior  to  thofe 
5 of 
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vf  Cracow,  with  refpeft  to  the  quan- 
tity of  fait  which  is  annually  raifed. 
The  fingle  pit  into  which  I defend- 
ed at  Northwich,  yielded  at  a medium 
4000  tons  of  fait  in  a year;  this 
quantity  is  about  two  thirds  of  that 
which  is  raifed  every  year  in  the  Po- 
li(h  mines  here  fpoken  of.* 

A great  quantity  of  rock  fait  is 
ufed  at  Northwich,  in  order  to 
(Lengthen  their  brine  fprings,  and  a 
much  greater  quantity  is  fent  coa(t> 
ways  to  Liverpool  and  other  places, 
where  it  is  ufed  either  for  (Length- 
ening brine  fprings  or  fea  water; 
much  of  this  rock  fait  was  formerly 
exported  to  Holland,  and  it  is  dill 
fent  to  Ireland  for  the  fame  purpofe. 
Rock  fait,  and  the  white  fait  which 

is 

* See  Memoire  fur  les  Mines  de  Sel  de 
Wieliczka  en  Pologne,  in  Hi  ft.  de  l’Acad,  des 
Scien.  a Par.  1762. 
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is  at  Northwich,  chiefly  made  from 
rock  fait,  is  exported  free  from  the 
fait  duty;  and  I was  informed  that 
the  quantity  which  is  annually  ex- 
ported from  Northwich,  is  fo  great, 
that,  if  it  paid  the  duty,  it  would 
bring  in  to  government,  a fum  not 
much  fliort  of  four  hundred  thoufand 
pounds  a year.  tc  According  to  the 
belt  accounts  I have  been  able  to 
procure,  the  grofs  duty  on  fait  made 
in  South  Britain,  amounts  annually  to 
feven  hundred  thoufand  pounds.*” 
The  duty  on  fait  made  at  Northwich 
is  about  feventy  thoufand  pounds  a 
year,  or  a tenth  part  of  the  whole 
dutyf. 

The 

* Camp.  Sur.  of  Brit.  Yol.  II.  p.  26. 

f Since  I received  this  information,  an  ad- 
ditional duty  of  icd.  a bufliel  has  been  laid, 
in  1 780,  on  fait.  The  whole  duty  now  amounts 

to 


( 43  ) 

The  Northwich  rock  fait  is  never 
ufed  at  our  tables  in  its  crude  ftate; 
and  its  application  to  the  pickling  or 
curing  of  flefh  or  fifh,  or  preferving 
any  provifions,  without  its  being  pre- 
vioufly  refined  into  white  fait,  that  is, 
without  its  being  diffolved  in  water, 
and  boiled  down  into  what  is  called 
white  fait,  is  prohibited  under  a pe- 
nalty of  40s.  for  every  pound  of 
rock  fait  fo  applied.  The  pure  tranf- 
parent  maffes,  however,  of  rock  fait, 
might,  probably,  be  ufed  by  us  with 
our  food,  without  any  fort  of  danger 
or  inconvenience;  at  lead,  we  know 
that  rock  fait  is  fo  ufed,  without  be- 
ing refined,  both  in  Poland  and  in 
Spain.  In  the  laft  of  thefe  countries, 

at 

to  4s.  2d.  the  bufhel,  the  bufhel  weighing  56Tb. 
The  makers  of  fait  can  afford,  in  mod  place?, 
to  fell  their  fait,  exclufivc  of  duty,  from  8d. 
to  icd.  a bufhel. 
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at  Cordova  in  the  province  of  Catalo- 
nia, there  is  a folid  mountain  of  rock 
fait,  between  four  and  five  hundred 
feet  in  height,  and  a league  in  cir- 
cuit ; its  depth  below  the  furface  of 
the  earth  is  not  known*.  This 
prodigious  mountain  of  fait,  which 
has  no  mixture  of  other  matter  with 
it,  is  efteemed  fo  fingular  an  appear- 
ance, that  it  is  thought  to  militate 
very  much  againft  the  opinion  of 
thofe,  who  would  derive  the  origin 
of  all  the  beds  of  rock  fait,  which 
are  found  under  the  furface  of  the 
earth,  from  the  evaporation  of  fait 
water,  left  in  fubterraneous  caverns, 
either  at  the  deluge,  or  upon  feme 
more  local  commotions  of  the  globe. 

The 

* Hift.  Nat.  de  1’  Efpag.  p.  406.  See  an 
account  of  fimilar  mountains  of  rock  fait  in 
Shaw’s  Travels,  p,  229,  and  in  Pliny’s  Hid. 
Nat.  1.  xxxi.  c,  7. 
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The  quantity  of  rock  fait  which 
may  be  diffolved  in  a definite  quan- 
tity, fuppofe  a pint  or  16  avoirdu- 
pois ounces  of  water,  is  differently 
eftimated  by  different  authors.  Boer - 
heave  is  of  opinion,  that  16  ounces 
of  water  will  not  diffolve  quite  five 
ounces  of  rock  fait*;  Spielmann  thinks 
that  they  will  diffolve  6-i  ouncesf; 
Newmann  agrees  with  Spielmann 
Eller  fays,  that  feven  ounces  of  foflile 
fait  may  be  diflolved  in  1 6 ounces  of 
water  §;  laflly,  Hoffmann  afifures  us, 
that  16  ounces  of  water  will  not  dif- 
folve above  fix  ounces  of  common 
fait  lj.  I have  tried  this  matter  with 
diftilled  and  with  common  water, 

and 

* Chem.  Vol.  I.  p.  476. 

-j-  Inft.  Chem.  p.  48. 

+ Newmann’s  Chem.  by  Lewis,  p.  256,  » 

§ Obf.  Phy.  Chem.  L.  ii.  Ob.  xvi. 

II  Ber.  Mem,  i7$Ot 
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and  in  various  degrees  of  heat,  and 
cannot  but  be  of  opinion,  that  Hoff- 
mann’s experiment  approaches  near- 
eft  to  the  truth ; I never  could  dif- 
folve  quite  fix  ounces  of  rock  fait  in 
1 6 ounces  of  water.  It  is  not  wholly 
improbable,  that  different  forts  of 
rock  lalt,  may  differ  fomewhat  with 
refpedt  to  their  folubility  in  water. 

If  it  be  admitted,  that  16  ounces 
of  water  can  diffolve  fix  ounces  of  fait 
and  no  more,  then  we  may  be  cer- 
tain, that  no  brine  fpring,  in  any 
part  of  the  world,  can  yield  fix  ounces 
of  fait  from  a pint  of  the  brine.  For 
brine  fprings  are,  ordinarily,  nothing 
but  water  in  which  foffile  fait  has 
been  diffolved ; but  a pint  of  the 
ftrongeft  brine  cannot  contain  fo 
much  lalt,  as  is  contained  in  a pint 
of  water,  which  has  been  faturated 

with 


( 47  ) 

with  fix  ounces  of  fait;  for  a pint  of 
water,  in  which  fix  ounces  of  fait  have 
been  dilfolved,  is  increafed  a little  in 
bulk,  it  will  do  more  than  fill  a pint 
meafure,  and  the  fait  left  in  the  fur- 
plus  will  ftiew,  how  much  the  fait, 
contained  in  a pint  of  the  ftrongeft 
brine,  falls  ihort  of  fix  ounces.  Or 
we  may  confider  the  matter  in 
the  following  manner,  which  will, 
perhaps,  be  more  intelligible;  16 
ounces  of  water,  impregnated  wich  fix 
ounces  of  fait,  conftitute  a fa tu rated 
brine,  weighing  22  ounces;  if  there- 
fore we  would  know  how  much  fait 
is  contained  in  16  ounces  of  fuch 
brine,  by  the  rule  of  proportion  we 
may  argue,  that  if  22  ounces  of  brine 
contain  fix  ounces  of  fait,  16  ounces 
of  brine  will  contain  4-^  ounces  of 
fait.  Hence  we  may  infer,  that  the 

ftrongeft 
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ftrongeft  brine  fprings  will  not  yield 
much  above  one  quarter  of  their 
weight  of  fait*. 

Dr.  Leigh,  who  firfb  fhewed  the 
manner  of  refining  rock  fait,  informs 
us,  that  fome  of  the  ftrongeft  fprings 
at  Northwich,  gave  feven  or  eight 
ounces  of  fait  from  a quart  of  brine ; 
but  a quart  of  brine  weighs  conftder- 
ably  more  than  3 2 ounces,  the  weight 
of  a quart  of  water;  fo  that  the 
Northwich  fprings,  from  this  ac- 
count, 

“ Several  pits  at  Northwich,  and 
at  Barton  in  Lancajhire , contain  no  lefs  than 
fix  ounces  of  fait  upon  fixteen  of  brine;  which 
is  as  large  a proportion  of  fait  as  water  will 
diffolve.”  Newm.  Chem.  p.  212,  Lewis’s  note. 
The  author  here  is  fallen,  probably,  into  a little 
miitake,  by  confounding  a pound  of  water 
with  a pound  of  brine  ; for  if  a pound  or  16 
ounces  of  water  will  only  diflolve  iix  ounces  of 
fair,  a pound  of  the  brine,  thus  formed,  will 
only  hold  47\  ounces  of  fait. 
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count,  do  not  yield  a quarter  of  their 
weight.  At  Middlewich  there  is  faid 
to  be  one  fait  fpring,  which  is  Wronger 
than  the  reft ; this  fpring  yields  a full 
fourth  part  of  fait*,  and  hence  it  is, 
probably,  fully  faturated.  We  have 
an  account  in  Kircher’s  works,  of 
fome  famous  brine  fprings  in  Bur  gun - 
dy , from  which  we  learn,  that  one 
hundred  pounds  weight  of  the 
ftrongeft  brine,  gave  25  pounds,  or 
juft  on  & fourth  of  its  weight  of  white 
fait  -j~. 

There  are  a great  many  brine 
fprings  in  Chefhire , PFcrccfterfhire, 
Stajfordfhire , Hampjhire , and  in  other 
parts  of  Great  Britain,  fome  of  which 
are  fufficiently  rich  in  fait  to  be 
wrought  with  profit,  others  not. 

From 

* Philof.  Tranf.  No.  $3-. 

t Kirch.  Mun.  Sub.  Tom.  II.  Cap.  XI. 
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From  what  has  been  before  advanced 
the  reader  will  readily  comprehend 
that  16  tons  of  the  Itrongeft  brine 
confift  of  12  tons  of  water,  and  of  4 
tons  of  fait ; and  that,  in  order  to  ob- 
tain thefe  4 tons  of  fait,  the  12  tons 
of  water  muft  be,  by  fome  means  or 
other,  evaporated,  fo  as  to  leave  the 
fait  in  a concrete  form.  Suppofe 
there  fhould  be  a brine,  which  in  16 
tons,  fhould  contain  15  tons  of  water, 
and  only  1 ton  of  fait ; yet  it  may 
chance,  that  fuch  a weak  brine  may 
be  wrought  with  more  profit  than 
the  ftrongeft;  for  the  profit  arifing 
from  the  boiling  of  brine  into  fait, 
depends  as  much  upon  the  price  of 
the  fuel  ufed  in  boiling  it,  as  upon 
the  quantity  of  fait  which  it  yields. 
Thus  the  fea  water,  which  furrounds 
the  coafts  of  Great  Britain,  is  faid  to 

hold 
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hold  feldom  more  than  one  thirtieth, 
or  lefs  than  one  fiftieth  part  of  com- 
mon fait*  but  fuel  is  fo  cheap  at 
Newcaftle,  that  they  can  evaporate 
thirty  or  forty  tons  of  water,  in  or- 
der to  obtain  one  ton  of  fait,  and  yet 
gain  as  much  clear  profit  as  thofe 
do,  who,  in  counties  lefs  favourably 
Situated  for  fuel,  boil  down  the 
ftrongeft  brine. 

The  advantage  refulting  from 
Hrengthening  weak  brine  or  fea  wa- 
ter, by  means  of  rock  fait,  is  very 
obvious.  Suppofe  that  the  fea  water 
at  Liverpool,  where  large  quantities 
of  rock  fait  are  refined,  would  yield 
i ton  of  fait  from  48  tons  of  water, 
then  muff  a quantity  of  fuel  fuffi- 
cient  to  evaporate  47  tons  of  water 
be  ufed  in  order  to  obtain  1 ton  of 
fait.  But  if  as  much  rock  fait  be 

d 2 put 
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put  into  the  48  tons  of  fea  water,  as 
can  be  diffolved  in  it,  then  will  the 
fea  water  refemble  a brine  fully  fatu- 
rated,  each  16  tons  of  which  will 
give  4 tons  of  fait,  and  the  whole 
quantity  yielded  by  the  evaporation 
of  47  tons  of  water,  will  be  12  tons 
of  fait. 

In  warm  climates,  fuch  as  Italy? 
Spain , and  the  fouthern  provinces  of 
France , where  the  heat  of  their  fum- 
mer  is  fufficient  to  exhale  confidera- 
ble  depths  of  water  in  a little  time ; 
they  prepare  large  quantities  of  what 
is  called  bay  fait , at  a very  fmall  ex- 
pencc.  Their  general  method  is  to 
ieledt  a marfhy  fpot  of  ground,  com- 
municating by  fluices  with  the  fea, 
and  fufficiently  removed  from  frclh 
fprings,  and  the  mouths  of  large 
rivers.  In  this  ground  they  form 

ufually 
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ufually  three  pits  of  fmall  but  dif- 
ferent depths,  and  by  clay  and  tim- 
ber they  fecure  them  from  leaking. 
The  fea  water  is  let  into  the  fir fb  and 
deeped:  pit,  from  which  it  flows  flow- 
ly,  fo  as  to  give  the*  mud  and  fand 
time  to  fettle,  through  the  fecond 
into  the  third,  where  it  is  foon  in- 
fpiflated  by  the  heat  of  the  fun  into 
a flrong  brine.  This  brine  being 
ftill  further  evaporated  by  the  conti- 
nued adtion  of  the  fun,  concretes  into 
cryflals  of  fait,  which  gradually  fink 
to  the  bottom  of  the  pit.  When  a 
proper  quantity  of  it  is  formed,  it  is 
drawn  out  for  ufe,  and  is  of  different 
colours,  according  to  the  colour  of 
the  clay  employed  in  making  the 
pits.  In  a favourable  feafon,  the 
i French  are  faid  to  be  able  to  make 
: enough  of  bay  fait  in  a fortnight,  to 

d 3 fup- 
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fuppl'y  their  home  confumption  for  a 
year,  and  the  wants  of  the  other  na- 
tions, who  purchafe  from  them  much 
more  than  is  confumed  in  France*. 

In  this  method  of  making  bay  fait, 
art  has  but  copied  nature ; for  we 
read  in  Pliny,.  Alonfo  Barba,  Shaw, 
and  others,  of  large  briny  lakes, 
which  are  evaporated,  in  many  parts, 
of  the  world,  to  a perfect  drynefs  in 
fummer  time  ; when  the  inhabitants 
cut  and  carry  away  as  much  fait  as 
they  have  cccafion  for.  A remark- 
able lake  of  this  kind  was  met  with 
by  Mr.  Mahon,  in  his  botanical  ex- 
curfions  from  the  Cape  of  Good  Hope. 

Zwart  Kop’s  falt-pan,  is  a lake  fe- 

veral 

* See  Dr.  Brownrigg’s  Treatife  on  the  Art 
of  making  common  Salt,  where  the  reader’s 
curiofity  on  this  fubjeft  will  be  abundantly 
gratified. 


C $$  ) 

veral  miles  diftant  from  the  fea,  and 
upon  an  eminence.  In  the  rainy 
feafon  it  is  filled  with  frefii  water, 
which  by  the  faltnefs  of  the  ground, 
foon  becomes  ftrongly  impregnated 
with  faline  particles ; and  when  the 
fummer’s  heat  exhales  the  freflh  wa- 
ter, the  bottom  of  the  lake  is  covered 
with  a cruft  of  pure  fait,  two  or  three 
feet  thick.  The  lake  is  about  three 
miles  round,  and  furrounded  by  a 
rifing  ground*.” 

Though  it  appears,  from  what  Dr. 
Brownrigg  has  faid  upon  this  fub- 
jedt,  that  we  might,  with  much  ad- 
vantage to  our  trade,  imitate  the 
French  in  their  manner  of  procuring 
bay  fait ; yet  moft  of  our  fait  is  pre- 
pared by  boiling  either  the  brine  of 
fait  fprings,  or  fea  water,  into  white 

d 4 fait, 

* Philof.  Tranf.  1776,  p.  297. 
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fait.  In  Hampihire,  and  fome  other 
counties,  they  have  a method  of 
heightening  the  fea  water  into  a ftrong 
brine,  by  expofing  it  to  the  fun  in 
large  pits,  much  after  the  manner  in 
which  bay  fab  is  made;  and  fo  much 
of  the  fea  water  is,  by  this  means, 
naturally  evaporated,  that  though 
they  boil  the  remainder  with  New- 
caftle  coal,  yet  they  can  afford  their 
fait  at  a lefs  price,,  than  the  New- 
caflle  fait  boilers  can  afford  theirs ; 
though  the  fea  water  is,  probably, 
equally  impregnated  with  fait  at 
both  places. 

The  greateft  difficulty  which  at- 
tends the  making  of  bay  fait  in  Great 
Britain,  arifes  from  the  heat  of  our 
lummer  not  being  fufficiently  ftrong, 
to  evaporate  a great  quantity  of  fea 
water  in  a fmall  portion  of  time.  I 

will 
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will  mention  an  experiment  or  two* 
which  iuggefted  a hint,  that  may 
not,  perhaps,  be  unferviceable  to 
thofe  who  fhall,  in  future,  be  dif- 
pofed  to  attempt  the  making  of  bay 
fair. 

I took  a piece  of  coarfe  linen  cloth* 
its  area  was  a fquare  yard,  and  having 
thoroughly  wetted  it  with  water,  but 
not  fo  much  as  to  caufe  it  to  drip,  I 
weighed  it,  and  in  that  wet  date  ex- 
pofed  it  to  a warm  fun  in  June,  when 
there  happened  to  be  but  little  wind  ; 
it  was  not  laid  upon  the  ground,  but 
held  oppofite  to  the  fun,  fo  that  the 
air  and  fun  had  a free  accefs  to  every 
part  of  it ; it  became  nearly  dry  in 
an  hour,  and  in  that  fpace  of  time  it 
had  loft  eight  ounces  of  its  weight. 
— Upon  another  occafion,  when 
there  was  a bright  fun  and  a brifk 

wind* 
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wind,  on  an  April  day,  a fimilar  ex- 
periment was  made ; and  the  cloth 
loll  after  the  rate  of  6 ounces  in  one 
quarter  of  an  hour ; hence,  if  it  had 
been  kept  conftantly  wetted,  it  would 
have  loft  in  16  hours  24  pounds ; a 
pound  of  water  is  equal  to  a pint  in 
meafure,  and  therefore  we  may  infer, 
that  in  a fummer  day  of  16  hours  in 
length,  24  pints,  or  three  gallons  of 
water  may  be  difperfed  into  the  air, 
by  a warm  fun  and  a brilk  wind,  from 
the  furface  of  a linen  cloth,  equal  to 
one  fquare  yard. 

Now  it  is  very  poffible,  in  any 
place  where  bay  fait  is  made,  to  de- 
vife  means  of  wetting  and  drying  al- 
ternately any  number  of  fquare  yards 
of  coarfe  cloth  ; one  labourer,  affified 
by  proper  mechanical  contrivances, 
might  be  equal  to  the  daily  manage- 
1 ment 


( 59  ) 

ment  of  a thoufand  yards,  or  more^ 
By  this  plan,  in  favourable  weather, 
there  would  be  daily  evaporated 
twenty-four  thoufand  pounds  of 
water,  which,  fuppoling  fea  water  to 
contain  one  thirty-fecond  part  of  its 
weight  of  fait,  would  give  750  pounds 
of  fait.  Thofe  who  have  feen  the 
artifice  of  ftrengthening  brine,  which, 
is  pra&ifed  in  Franche-Comte , and 
other  places,  by  making  it  drip 
through  faggots,  in  order  that  the 
evaporation  may  be  increafed,  by  in- 
creafing  the  furface  of  the  water 
which  is  expofed  to  the  air,  will  not 
be  furprifed  at  the  method  of  evapo- 
rating water  here  hinted  at. 

Though  the  conftituent  parts  of 
common  fait,  when  free  from  all  he-  * 
terogeneous  mixtures,  are  probably 
the  fame  in  every  part  of  the  world, 

yet 
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yet  in  the  ordinary  ftate  in  which  it 
is  met  with,  it  is  found  to  have  very 
different  qualities,  and  may  properly 
enough  be  divided  into  different  forts. 
Bay  fait  differs  in  fome  of  its  pro- 
perties from  the  white  fait,  prepared 
by  boiling  brine  or  fea  water;  and 
both  the  bay  fait  and  the  boiled  fait 
have,  refpe&ively,  different  qualities, 
according  as  they  are  prepared  at 
different  places.  There  are  two  ge- 
neral reafons  of  this  diverfity ; one 
refpedts  the  manner  of  preparing  the 
fait,  the  other  refpedts  the  quality 
of  the  water  from  which  the  fait  is 
prepared.  When  fea  water  or  brine 
is  boiled  into  fait,  a portion  of  the 
acid,  which  is  one  of  the  conft'ituent 
parts  of  the  fait,  is  difperfed;  and  a 
greater  or  lefs  portion  is  difperfed, 
according  as  the  fait  has  been  formed 

with 
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with  a greater  or  lefs  degree  of*  heat. 
We  have  an  inffance  of  this,  both 
in  bay  fait  when  compared  with 
boiled  fait,  and  in  the  different  forts 
of  boiled  fait,  when  compared  with 
each  other.  Bay  fait  is  prepared 
from  fea  water,  by  the  mild  heat  of 
the  fun,  and  it  is  generally  effeemed 
much  ffronger  than  the  white  fait, 
which  is  prepared  likewife  from  fea 
water  by  boiling  the  fea  water.  At 
Northwich,  and  in  other  places,  they 
prepare  from  brine,  not  only  the 
ordinary  white  fait,  but  a fait  whofe 
cryftals  are  much  larger  than  the 
ordinary  fait,  and  which  is  ufually 
called  Ihivery  fait.  This  fhivery  fait 
is  efteemed  ffronger  than  the  other, 
and  it  is  formed  by  a milder  heat ; 
for  in  forming  the  ordinary  fait,  the 
brine  is  kept  gently  boiling ; but  in 

forming* 
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forming  the  large  grained  Ihivery 
fait,  they  let  the  brine  cool  till  they 
can  bear  to  put  their  hands  into  it, 
and  keeping  it  in  that  ftate,  as  near 
as  may  be,  from  Saturday  night  to 
Monday  morning,  the  Ihivery  fait  is 
gradually  formed.  Sea  water,  brine 
fprings,  and  rock  fair,  generally  con- 
tain befides  common  fait,  various 
other  earthy  and  faline  ingredients, 
fuch  as  the  calcareous  earth  from 
which  filh  fhells  are  probably  form- 
ed ; — the  earth  called  magnefm ; — Ep- 
fiom /alts , or  the  fait  refulting  from 
the  combination  of  the  acid  of  vitriol 
with  magnefia  j — Selenites , or  the  fait 
refulting  from  the  combination  of 
the  acid  of  vitriol  with  the  earth  of 
.the  nature  of  fifh  Ihells ; — Glauber’s 
Jalt ; — fixed  alkali  uncombined  with 
any  acid,  &c.  Sometimes  all  thefe 
i hetcro- 
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heterogeneous  fubflances,  and  fome- 
times  only  a few  of  them  are  found 
in  the  waters  from  which  common 
fait  is  prepared ; they  are  all  of 
them  foreign  to  the  nature  of  the 
fait,  and  injure  its  quality;  and 
hence  we  may,  without  difficulty, 
comprehend  that  common  fait  may 
have  very  different  properties,  ac- 
cording  to  the  quality  of  the  water 
from  which  it  is  made,  or  the  fkill 
of  the  falt-maker  exerted  in  feparat- 
ing  thefe  mixtures  from  it.  The 
Dutch  have  long  been  famous  for 
preparing  a fait  for  the  pickling  of 
herrings,  by  which  they  have  ac- 
quired a fuperiority  in  that  article  of 
commerce  over  all  other  European 
nations.  Their  principal  fecret  in 
this  bufinefs  confifls  in  evaporating 
the  brine  made  from  the  folution 

of 
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of  "bay  fait  with  the  gentleft  fire,  and 
m mixing  with  the  brine  a proper 
quantity  of  xzxy  Jour  whey ; the  acid 
whey  unites  itfelf  with  the  uncom- 
bined fixed  alkali  before  mentioned, 
and  thus  prevents  it  from  adhering 
to  the  common  fait  as  it  cryflallizes. 
Any  other  mild  acid  might  probably 
anfwer  the  fame  purpofe.  This  acid 
whey  is  called  azy : lcs  Hollandois 
fe  fervent  de  Y azy  dans  le  travail  en 
grand  pour  raffiner  nos  fels  de  mer, 
et  pour  en  rendre  la  criflallifation 
parfaite ; c’  eft  par  cet  artifice  qu’ils 
font  depuis  long-temps,  en  poflef- 
fion  de  fournir  les  meilleures  falaifons 
de  1’  Europe*. 

* Hill,  de  l’Acad.  des  Scien.  1762.  Dr. 
Brownrigg  had  mentioned  this  fecret  of  the 
Dutch  above  30  years  ago,  in  his  excellent 
rreatife  before  referred  to.  The  reader  will 
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meet  with  an  accurate  examination  of  the  Va- 
rious  ingredients  with  which  common  fait,  and 
the  waters  from  which  it  is  made,  are  impreg- 
nated in  Baume’s  Chem.  vol.  iii.  p.  512. 
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COMMON  fait,  in  the  earl-iefi: 
ages  of  the  world,  was  fo  far 
from  being  held  in  any  eftimation 
as  a manure,  that  it  was  looked 
upon  as  a fymbol  of  extreme  fterility* 
Long  before  the  commencement  of 
profane  hiftory,.  Abimelech  took  the 
city  Shechem,  and  Jlew  the  people  that 
was  therein , and  beat  down  the  city , an& 
kwed  it  with  Jalt*  j intimating  there- 
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by  his  wilh  that  it  might  remain  un- 
fruitful and  uninhabited  for  ever.  * 

It  does  not  appear  from  hiftory, 
wiiat  circumftance  gave  rife  to  this 
cuftom,  or  whether  Abimelech  was 
the  firft  perfon  who  introduced  it; 
but  it  has  prevailed  very  generally 
among  mankind  even  to  the  pre- 
fent  age,  it  being  hill  ufual  to  raze 
the  houfes  of  rebels  and  traitors, 
and  to  fprinkle  the  ground  upon 
which  they  hood  with  fait.  Perhaps 
this  general  fymbolical  ufe  of  fait, 
might  be  derived  from  what  had  hap- 
pened when  Sodom  was  deftrovecf, 
and  the  Jalt  fea  was  formed.  This 
conjefture  is,  in  fome  meafure,  fup- 
ported  by  obferving,  that  the  feverefl: 
denunciations  of  divine  vengeance 
are  frequently  exprefled  by  an  allu- 
fion  to  that  event. — Moab  Jhall  be  as 
q Sodom, 
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Sodom , and  the  children  of  Ammon  as 
Gomorrah , even  the  breeding  of  nettles, 
and  fait  pits,  and  a perpetual  defla- 
tion*.  'The  whole  land  thereof  is  brim- 
ftone,  and  fait,  and  burning , that  it  is 
not  fown,  nor  any  grafs  groweth  there - 
in,  like  the  overthrow  of  Sodom  f. 

i 

Virgil  reprobates  a fait  foil,  as  oc- 
cafioning  the  degeneration  of  fruit 
trees,  and  admitting  no  melioration 
from  ploughing. 

Salt  earth  and  bitter  are  not  lit  to  fow, 

Nor  will  be  tam’d  or  mended  with  the 
plough. 

Sweet  grapes  degen’rate  there,  and  fruits 
declin’d 

From  their  firft  flav’rous  tafte  renounce 
their  kind 

Pliny , 

* Zephaniah,  ii.  9. 

■f  Deuteron.  xxix.  23. 

j Virgil’s  Georg.  1.  2,  Dryd. 

K 3 • 
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Pliny,  though  he  recommends  the 
giving  of  fait  to  cattle,  yet  in  fpeak- 
ing  of foflile  fait,  he  exprefsly  affirms, 
that  every  place  in  which  it  is 
found,  is  barren  and  unfit  for  vege- 
tation*. 

Notwithftanding  thefe  and  other 
teftimonies  of  the  ancients  concern- 
ing the  flerilizi ng  quality  of  common 
fait,  yet  it  is  frequently  ufed  as  a 
manure  with  great  fuccefs.  It  has 
been  the  cuftom,  ever  fince  the  time 
of  Henry  the  Third  at  leaft,  for  the 
farmers  on  the  Cvrnijh  coaft,  to  ma- 
nure their  lands  with  fea  fand,  in 
which  fea  fait  is  fo  copioufiy  mixed, 
that  in  many  places  it  uled  to  be 
extracted  from  a lye  made  of  fand. 
When  the  fand  has  been  long  ex- 
pofed  to  the  air,  it  proves  lefs  ufeful 

and 


* Hi  ft.  Nat.  L.  xxxi.  c.  7. 
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and  enriching,  which  is  by  fome  at- 
tributed to  its  having  been  deprived 
of  a good  part  of  its  fait,  by  the  dews 
and  rains*.  It  may  be  obferved, 
that  this  fand  is  of  two  kinds,  fhelfy 
and  Ihelly  •,  the  fhelfy  is  produced 
from  the  grating  of  ftones  one  againft 
another,  by  the  conftant  wafh  of  the 
fea,  and  is  of  little  value;  its  qua- 
lity, however,  will  be  different  in 
■different  countries,  according  to  the 
nature  of  the  ftones  expofed  to  the 
agitation  of  the  fea;  if  the  ftones  hap- 
pen to  be  of  the  limeftone  kind,  even 
the  fhelfy  fand  -may  be  very  fervice- 
able ; if  the  ftones  principally  confift 
of  flint,  as  at  Yarmouth,  and  other 
parts  of  the  Norfolk  coaft,  the  fand 
will  differ  very  little  from  powdered 
flints.  The  fhelly  fand  in  Cornwall, 
e 4 is 

* Camden’s  Britan.  Cornw. 
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is  produced  by  the  fame  fluctuation 
of  the  fea,  as  the  flinty  fand  in  Nor- 
folk ; it  confifts  of  the  broken  fhells 
of  mufcles,  cockles,  oyfters,  fcollops, 
•and  other  fifti.  This  fand  varies 
iomewhat  in  colour  and  in  grain,  ac- 
cording to  the  fubftances  from  which 
it  is  formed,  and  the  degree  of  agi- 
tation it  has  been  expofed  to,  and 
it  is  found  to  fertilize  almoft  all 
kinds  of  foils*.  This  practice  of 
manuring  lands  with  fea  fand,  has, 
within  thefe  few  years,  been  intro- 
duced with  great  fuccefs  in  other 
parts  of  Great  Britain. 

The  Chejhire  farmers  purchafe  no 
inconfiderable  quantity  of  refufe  fait 
from  the  fait  boilers ; they  mix  it  with 
dung,  and  it  makes  an  excellent  ma- 
nure. This  refufe  fait  cods  them 

eight- 


* Philof.  Tranf.  No.  113. 
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eightpence  a bulfoel,  there  being  a 
duty  of  fourpence  a bu(hel  impoied 
on  it.  When  the  demand  for  this 
refufe  fait  is  very  great,  the  fait  boil- 
ers have  a cuftom  to  mix  a quantity 
of  foot,  or  other  impurity,  with  the 
ordinary  fait,  and  it  then  comes  un- 
der the  denomination  of  refufe  fait; 
there  were  fold  a few  years  ago,  at 
Northwich  alone,  near  3000  tons  of 
it  in  one  year,  for  the  ufe  of  the  farm- 
ers in  that  and  other  counties.  On 
the  other  hand,  when  the  foil  abounds 
with  rulhes  and  weeds,  it  is  cuftomary 
in  Chefhire,  to  lay  a quantity  of  rock 
fait  upon  it,  as  it  is  found  utterly  to 
deftroy  every  vegetable.  Hence  it 
fhould  feem,  that  fait,  when  ufed  in 
fmall  quantities,  is  a good  manure,  and 
when  in  large  ones,  a real  poifon  to 
vegetables.  Some  of  the  African  and 

Arabian 
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Arabian  deferts  are  thought  to  be 
barren  by  their  having  too  much 
fait  in  them  ; whilft  many  parts  of 
Barbary  are  reckoned  to  be  peculi- 
arly fruitful,  from  their  containing 
a lefs  quantity  of  it*. 

Sir  John  Pringle  has  obferved,  that 
common  fait,  when  ufed  in  fmall 
quantities,  as  one  ounce  to  twelve, 
accelerates  the  putrefaction  of  ani- 
mal fubitances,  when  in  larger  it  re- 
tards it;  and  hence  he  deduces  its 
utility,  in  affifting  the  organs  of  di- 
geftion  in  man,  and,  perhaps,  in 
other  carnivorous  animals  f.  The 
fame  obfervation  may  be  extended  to 
graminivorous  animals,  they  are  all 
exceedingly  fond  of  fait,  probably 

from 

* Brownrigg  on  Salt,  p.  1 59. 
t Obferv.  on  the  Dileaies  of  the  Amoy, 
by  Sir  J.  Pringle,  Appen.  xxxix. 
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from  its  great  tendency  to  corrupt 
the  aliment,  and  to  render  thereby 
its  difcharge  from  the  ftomach  into 
the  inteftines,  more  eafy  and  expe- 
ditious. 

In  like  manner  fait,  when  applied 
as  a manure,  in  fmall  quantities,  is 
found  to  be  very  beneficial  not  pro- 
bably from  its  entering  as  an  aliment 
into  the  fubftance  of  vegetables,  fince 
there  are  many  experiments  tending 
to  prove  that  no  kind  of  fait  can  of 
itfelf  become  the  food  of  plants*, 

but 

* Wallerius  exprefsly  fays  — Les  fels  de 
quelle  efpece  qu’  ils  foierir,  nc  pcuvent  pa$ 
fervir  de  nourriture  aux  plants , ni  avancer  par 
eux-mcnies  la  'vegetation  ; and  after  quoting  the 
experiments  of  Kraftius,  Alfton,  and  Bonnet, 
on  the  fubjeft,  and  examining  the  argu- 
ments on  the  oppofite  fide  of  the  queftion, 
he  concludes  the  inquiry  in  the  following 

words : ’ 


C 76  ) 

but  from  its  efficacy  in  reducing 
weeds,  dried  herbage,  dead  roots, 
&c.  into  a putrid  oily  mafs;  the 
fructifying  virtue  of  oily  comports 
being  now  generally  acknowledged: 
but  when  it  is  ufed  in  a larger  pro- 
portion, by  preferving  thefe  matters 
from  corruption,  and  drying  up  or 
hardening  the  fibrous  capillaries  of 
the  roots,  fo  that  they  become  unfit 
for  fucking  in  nutriment,  the  ferti- 
lity 

words:  — D’ou  nous  concluons  que  les  fels 
mineraux,  ni  les  fels  etrangeres,  ni  les  terres 
minerales,  ne  contribuent  point  a la  nourri- 
ture  des  vegctaux.  Elemens  d’ Agriculture 
traduits  du  Latin  de  M.  Wallerius.  Yverden, 
1766,  p.  154,  & c.  oranEnglifh  tranflation  of 
the  fame  work,  by  John  Mills,  Efq.  F.  R.  S. 
London,  1770.  See  alfo  the  Principles  of 
Agriculture  and  Vegetation,  by  Dr.  Horne ; 
and  the  Elements  of  Agriculture,  by  Dr.  G. 
Fordyce. 
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]ity  of  the  ground  is  diminished,  or 
wholly  destroyed. 

As  to  the  fertility  of  lands  over- 
flowed by  fea  water,  it  may  be  in 
part  owing  to  the  flime  and  mud 
left  by  it,  and  partly  to  the  fait  con- 
tained in  it,  which,  being  in  a fmall 
quantity,  may  contribute  to  the  pu- 
trefaction of  the  effete  vegetable 
roots,  and  the  confequent  production 
of  an  oily  compoft. 

With  refpeCt  to  nitre  as  a manure, 
it  is  an  opinion  entertained  by  farm- 
ers, that  fnow  fertilizes  the  lands 
upon  which  it  falls,  more  than  rain, 
in  confequence  of  the  nitrous  falts 
which  it  is  fuppofed  to  acquire  by 
freezing.  Falfe  philofophy  firft  gave 
life  to  this  idea*,  and  poetry  has 

con- 

* Gaffcnd.  Phyf.  fee.  iii.  1.  n.  The  ex- 

iftencc 

I ' 
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contributed  to  fpread  the  general1 


error. 


— — Oh ! may ’ft  thou  often  fee 
Thy  furrows  whiten’d  by  the  woolly  rain 
Nutritious,  fecret  nitre  lurks  within 
The  porous  wet,  quick’ning  the  languid 
glebe. 

Philips. 

What  art  thou  fro  ft  ? 


Is  not  thy  potent  energy,  unfeen 
Myriads  of  little  falts,  or  hook’d  or  fhap’d 
Like  double  wedges,  and  diffus’d  immenfe- 
Thro’  water,  earth,  and  ether. 

Thompson-. 


The- 


iftence  of  nitre  in  fnow,  and  the  fertilizing 
quality  of  falts,  were  fo  generally  admitted 
in  the  laft  century,  that  philofophers  feem 
to  have  been  at  no  pains  to  prove  either  of 
them,  — On  fait  que  la  neig e-  contient  beau- 
coup  de  parties  nitreufes , et  que  les  Jcls  con- 
tribuent  beaucoup  a la  feconditc  des  terres*. 
Aftes  de  Copenhague,  Collcdri  Acad,  yoL  vi^ 
P*  *9S> 
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The  ancients  were  acquainted  with 
the  fertilizing  quality  of  fnow,  and 
though  they  did  not  very  intelligibly 
explain  its  mode  of  operation  in  pro- 
moting vegetation,  yet  it  is  remark- 
able, that  the  fuppolition  of  faline 
corpufcules  made  no  part  of  their 
illuftration  of  that  matter*.  . It  is 
not  here  intended  to  deny  the  fertil- 
izing virtue  of  fnow,  but  to  fhew 
that  it  probably  does  not  proceed 
from  the  nitre  contained  in  it ; in 
fupport  of  this  opinion,  I will  men- 
tion two  of  the  moft  accurate  expe- 
riments, which  have  probably  ever 
been  made  on  the  fubje£t. 

Mcirggrafy  in  the  year  1751,  col- 
le6ted  in  the  fuburbs  of  Berlin  as 
much  fnow  as,  when  melted,  afford- 
ed him  one  hundred  meafures  of 

water, 

* Plin.  Hift.  Nat.  1.  xvii.  c.  2. 
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water,  each  meafure  containing 
thirty-fix  ounces*.  He  collected  the 
fnow  in  an  open  fituation,  in  clean 
glafs  veflels,  after  the  atmofphere 
was  purified,  by  its  having  fnowed 
fometime;  in  fhort  he  ufed  every 
pofiible  precaution  to  procure  the 
fnow  free  from  every  extraneous  im- 
purity. The  nitrous  or  other  falts 
contained  in  the  fnow  as  it  fell  upon 
the  ground  were,  no  doubt,  diifolved 
in  the  water  after  the  fnow  was  melt- 
ed; and,  in  order  to  afcertain  their 
quantity  and  quality,  nothing  more 
was  requifite  than  to  diffipate  by  eva-* 
poration  or  diftiilation,  the  water 
in  which  they  were  dilfolved.  From 
thefe  hundred  meafures  of  fnow  wa- 
ter he  obtained,  by  diddling  it  with 
every  fuitable  attention,  60  grains, 

not 

* Opnf.  Chy.  vol.  ii. 


( Sr  ) 

* not  of  nitre3  but  of  calcareous  earthy 
: together  with  fome  grains,  he  does 
not  mention  the  exadl  number,  of 
the  acid  of  fea  fait,  impregnated  with 
a nitrous  vapour,  , , 

The  fame  quantity  of  rain  water, 
collected  in  the  winter  months  with 
equal  precaution,  and  diftilled  with 
equal  attention,  yielded  ioo  grains, 
not  of  nitre3  but  of  calcareous  earthy 
'with  fome  grains  of  the  acids  of  nitre 
i.and  fea  fait*. 

The 

* Toute  la  difference  done  entrel’eau  dc 
' >luie  et  P eau  deneige  n’  eft  d’  aucune  impor- 
tance, et  fe  reduit  a ce  que  1’  acide  de  1’  eau 
1 !e  pluie  eft  plus  nitreux , et  qu’  elle  renferme 
' ,lus  de  terre  calcaire,  au  lieu  que  P eau  de 
i eige  a plutot  un  acide  marin  que  nitreux , et 
ontient  une  moindre  quantite  de  terre  cal- 
aire.  Opufcules  Chymique,  vol,  ii.  p,  21. 
VOL,  11.  . F 
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The  author  infers  from  thefe  ex-f 
pertinents,  that  the  chemical  differ- 
ence between  rain  and  fnow  water  i» 
exceedingly  final! ; but  that  the  lat- 
ter, however,  is  fomewhat  lefs  ni- 
trous, and  contains  a fomewhat  lefa 
proportion  of  earth  than  the  formers 
But  neither  of  them  contains  either 
earth  or  any  kind  of  fait  in  any  quan- 
tity, which  can  be  fenfibly  effica- 
cious in  promoting  vegetation. 

Suppofe  an  acre  of  land  to  be,  at* 
any  one  time,  covered  with  fnow  ta 
the  depth  of  fix.  inches  j and  than 
this  fnow  would,  when  melted,  be 
reduced  in  magnitude  a fixth  part, 
or  that,  it  would  cover  the  land  with 
water  to  the  depth  of  one  inch;  then 
might  it  be  made;  appear,  by  a.  very 
eafy  calculation,  that  allowing  6c 

grains  of  calcareous  earth  to  every 

28  gal- 
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2?  gallons  and  one  pint  of  water, 
according  to  the  proportion  of  the 
foregoing  analyfis,  the  whole  of  the 
'earth  lert  upon  the  acre  from  the 
evaporation  of  the  fnow’  water,  would 
iot  amount  to  ten  pounds  in  weighty 
lor  the  falme  part  to  above  a few 
Hinces.  iNfow  it  is  very  improbable 
'hat  four  or  five  ounces  of  any  kind 
'i)f  fait,  when  fpread  over  an  acre, 
Houid  produce  any  fe noble  effect  in 
ertilizing  the  ground.  And  if  we 
oppofe  trie  land  to  be  fo  often  co- 
^red  with  fnow  in  the  courfe  of  a 
ear,  that  the  fait  left  upon  it  would 
'frount  even  to  a pound,  yet'  the 
Acuity  would  ftilt  recur,  fidce 
»Ven  a pound  of  fait  reduced  to  an 
nifdtm  pellicle,' and  fpread  over  an 
Cre  of  land,  would  not  much  ex - 
in  thicknefs,  the  four  hundred 
F 2 thoufandth 
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thoufandth  part  of  an  inch.  So  that 
if  it  fhould  be  admitted  that  nitre  is 
a fertilizer  of  land,  which  many  are, 
upon  good  grounds,  difpofed  utterly 
to  deny,  yet  fo  very  fmall  is  the 
quantity  of  it  contained  in  fnow, 
that  it  cannot  be  fuppofed  to  pro- 
mote the  vegetation  of  plants  upon 
which  the  fnow  has  fallen. 

The  peculiar  agency  of  fnow  as  a 
fertilizer,  in  preference  to  rain,  may 
admit  of  a very  rational  explanation, 
without  having  recourfe  to  any  ni~ 
trous  falts,  which  it  has  been  fup- 
pofed to  contain.  There  are  two 
caufes  conftantly  a£ting  upon  the: 
iurface  of  the  earth,  one  of  which  is, 
generally  fpeaking,  uniform  in  it$f 
ftrength  with  refpeft  to  the  produce 
tion  of  heat ; the  other  is  variable. 
The  internal  fubftance  of  the  earth 
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t \ 

' js  heated  uniformly,  by  fome  prin- 

ciple  or  other  which  we  do  not  well 
underhand,  to  the  48  th  degree  of 
1 Fahrenheit’s  thermometer;  this  de- 
gree of  heat  is  greater  than  that  in 
■ which  the  watery  juices  of  vegetables 
i freeze,  and  it  is  propagated  from 
tthe  inward  parts  of  the  earth  to  the 
ifurface  on  which  the  vegetables 
tgrow.  The  atmofphere  being  vari- 
ably heated,  by  the  variable  aftion 
(of  the  fun  in  different  climates,  and 
in  the  fame  climate  at  different  fea- 
Tons,  communicates  to  the  furface 
of  the  earth,  and  to  fome  diftance 
below  it,  the  degree  of  heat  or  cold 
which  prevails  in  itfelf.  Different 
vegetables  are  able  to  prefer ve  life 
underdifferent  degreesof cold  ; butall 
I of  them  peri  fh,  when  the  cold  which 
| reaches  their  roots  is  extreme.  Provi- 

f 3 dence, 
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dence,in  the  coldeft  climates,  has  pro- 
vided a covering  for  the  roots  of  vege- 
tables, by  which  they  are  protected 
from  the  'influence  of  the  atmofphe- 
ideal  cold ; that  covering  is  Jnow. 

Even  in  our  climate  we  often  fee 

+•  • * «-»  • , . ' ’ 

flirubs,  and  other  fmall  vegetables, 
killed  by  the  feverity  of  a froft, 
when  it  is  unaccompanied  with  lhow, 
which,  had  there  been  eight  inches, 
or  a foot  of  lhow  upon  the  ground, 

would  have  remained  unhurt.  The 

• • • ? de:  . . . • ! 

fnow  keeps  in  the  internal  heat  of 

the  earth,  and  it  does  not  permit  the 
cold  of  the  atmofphere  to  penetrate 
through  its  fubftance,  and  on  both 
thefe  accounts  it  keeps  the  roots  of 
the  vegetables,  comparatively  fpeak- 
ing,  warm;  a kind  of  vegetation  is 
carried  on  under  its  furface,  which 
fliews  itfelf  by  the  very  rapid  increafe 

which. 
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which  plants  of  ail  kinds  acquire  in 
cold  countries,  as  foon  as  the  cover- 
ing of  fnow  is  removed  by  the  ap- 
proach of  fpring.  Thofe  who  are 
fond  of  making  oil  the  food  of  plants, 
may  derive  part  of  the  utility  of 
fnow  in  fertilizing  the  earth  from 
the  oily  particles  which  it  contains; 
for  not  only  the  refidue  which  was 
obtained  from  the  diftHlation  of  fnow 
water,  had  a brown  colour  proceed- 
ing frem  fome  oily  particles,  but  in 
is  very  commonly  obferv'ed  that 
fnow,  as  it  thaws,  becomes  dirty;, 
and  this  dirty  appearance  is  probably 
enough  referred  to  fome  particles  of 
an  oily  or  a mucilaginous  fob  (lance 
contained  in  it.  Snow,  moreover, 
in  melting,  moiftens  and  pulverizes 
the  foil,  which  had  been  bound  up 
f by 
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by  the  froft;  and  as  its  water  has  a 
tendency  to  putrefaction,  it  Teems,  on 
many  accounts,  without  admitting  it 
to  contain  any  nitre,  to  be  admirably 
fitted  to  promote  vegetation. 

In  confirmation  of  the  analyfis  of 
rain  and  fnow  water  which  were 
made  by  Marggraf,  I will  here  add 
thole  which  we  owe  to  the  accurate 
indudry  of  Dr.  Rutty*.  — He  eva- 
porated fix  different  fpecimens  of 
the  purefl  rain  water  he  could  pro- 
cure, and  found  that  a gallon  of  the 
purefl  yielded  fix  grains,  and  a gallon 
of  the  moll  impure  12  grains  of  a 
fubflance,  for  the  mod  part,  of  a 
dark  brown  colour,  and  a bitter  > 
brackiflj  tafle.  From  a gallon  of 
fnow  water,  he  obtained  4 grains  of 
a brownifh  refidue,  which  confided 

partly 


* Rutty’s  Synop. 


C«9  ) 

partly  of  Jea  fait,  partly  of  an  abfor- 
bent  earth,  and  a fmall  portion  of 
oil. 

It  may  be  obferved  from  thefe  ex- 
periments, compared  with  thofe  of 
Marggraf,  that  the  proportion  be- 
tween the  folid  impurities  of  rain 
and  fnow  water,  is  much  the  fame, 
in  parts  of  the  globe  as  far  diftant 
from  each  other  as  Ireland  and 
Pruffia.  Dr.  Rutty’s  experiments 
were  made  in  Dublin ; a gallon  of 
the  pureft  rain  water  gave  him  6 
grains,  the  fame  quantity  of  the 
pureft  fnow  water  gave  him  4 grains 
of  heterogeneous  matter;  now  the 
proportion  of  6 to  4,  is  not  very 
different  from  that  of  100  to  60, 
which  expreffes  the  proportional 
quantities  of  the  refidues  left,  from 
the  evaporation  of  rain  and  fnow 

water. 
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water,  according  to  the  experiments 
of  Marggraf. 

No  two  authors  perfectly  agree  in 
afeertaining  the  quantity  of  folid  im- 
purity contained  in  a definite  portion 
of  either  rain  or  fnow  water;  this  is 
not  to  be  wholly  attributed  to  the 
difference  of  their  care  and  Ikill  ex- 
erted in  the,  anaiyfis  of  them,  but 
principally  to  the  different  natures  of 
the  fubjecfs  themfelves,  upon  which 
their  labours  have  been  employed. 
The  vapours  which  are  daily  raifed 
from  the  lea,  may,  with  great  proba- 
bility be  fuppoled  to  carry  with 
them  fome  minute  portions  of  the 
apid  of  fea  fair,  and,  perhaps,  of  fea 
fait  in  fubhance,  and  of  the  calcare- 
ous earth,  with  which  the  fea  abounds. 
The  at,mofphere  itfelf  may  be  looked 
upon,  not  only  as  the  general  re- 
ceptacle 
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ctptable  of  thefe  aqueous  vapours, 
bflf  lj(cewi%  9 if  all  mineral  exhala- 
tions ; of  the  fleams,  which  are  con- 
ilantly  arifing.  from  the  perforation 
of  whatever  enjoys  animal  or  vegeta- 
ble fife ; and  from  the  inflantaneous 
putrefcence  of  thofe  fubftances,  when, 
deprived  of  life ; of  the  final ler  leeds 
of  terreflrial  and  aquatic  plants;  of 
the  eggs  of  an  infinity  of  fpecies  of 
imperceptible  animalcules;  of  the 
acids  and  oils  feparated  by  combuf* 
tion  from  all  forts  of  fuel ; of  the 
matter  of  light;  of  electric  efflu- 
viums; and  of  a variety  of  other 
fubflances,  which  are  elevated,  and* 
for  a time  kept  fufpended,  by  natural 
and  accidental  caufes : from  thefe 
fources  are  derived,  thofe  various  im- 
purities, which  have  been  difcovered. 
in  all  atmofpherical  water ; and 

which. 
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which  we  can  readily  apprehend, 
muft  be  different  in  quality  and  quan- 
tity, according  to  the  nature  of  the 
heterogeneous  fubffances  fubfifting 
in  that  portion  of  the  atmofphere, 
through  which  the  aqueous  vapours 
have  afcended,  or  which  they  have 
wafhed  in  their  defcent ; that  is,  in 
general,  according  to  the  nature  of 
the  climate,  the  feafon  of  the  year, 
the  direction  of  the  winds,  and  the 
preceding  temperature  of  the  wea- 
ther. 


ESSAY 


OF  THE  SALTNESS  AND  TEMPERA- 
TURE OF  THE  SEA. 


THERE  are  few  queftions, 
refpedting  the  natural  hiftory 
of  our  globe,  which  have  been  dif- 
cufled  with  more  attention,  or  de- 
cided with  lefs  fatisfadtion,  than  that 
concerning  the  primary  caufe  ot  the 
faltnefs  of  the  fea.  The  folution  of 
it  had  perplexed  the  philofophers 
before  the  time  of  Ariftotle*;  it  fur- 

puffed 


* Arift,  Meteo.  L,  ii,  c.  iii 
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pafled  his  own  great  genius;  and 
thofe  of  his  followers,  who  have  at- 
tempted to  fupport  Iris  dfguments, 
have  been  betrayed  into  very  ill- 
grounded  conclufions  concerning  it. 
Father  Kircher*,  after  having  con- 
iulted  three  and  thirty  authors  upon 
the  lubjeft,  could  not  help  remark- 
ing,  that  the  fluctuations  of  the  ocean 
nfelf  were  fcarcely  more  various, 
tiian  the  opinions  of  men  concerning 
the  origin  of  its  faline~  impregnation. 

i he  qu  eft  ion  does  not  feem  capa- 
ble of  adnrii t 'tihg  an  illudrationfrom 
expefimeht;  at  lead,  no  experiments 
have  Hitherto  been  made  for  that 
pitrpofe,  ah'd'  therefore  we  may  be 
the  lefs  furprifed  at  its  remaining 

nearly  as  problematicarin  the  prefent 

as  -it  has  been  in  any  of  the  pre- 


ceding. 


* Kirtfu  iirfin.  Snbter.  L.  iii.  c.  iii. 
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ceding.  Had  there,  indeed,  a'flf  6b- 
fervations  been  made,  three  or  fouf 
centuries  ago,  afcertaining  the'  then 
fahnefs  of  the  fea,  at  any  particular 
time  and  place  ; we  might,  by  mak- 
ing, at  prefent,  fimilar  obfervations 
at  the  fame  place,  in  the  fame  feafon, 
have  been  able  to  know  whether  the 
Jaltnsfs  at  that  particular  place,  was 
an  increafing , or  a decreafing , or  an 
invariable  quantity:  and  this  kind 
and  degree  of  knowledge  would 
have  ferved  as  a clue  to  diredf  us  to 
a full  inveftigation  of  this  matter  in 
general ; but  it  is  to  be  regretted,  that 
no  fuch  obfervations  have,  till  very 
lately,  been  made  with  any  tolerable 
precifion. — There  are  three  princi- 
pal opinions  on  this  fubjedt,  which 
have  been  maintained  by  philofo- 
phers  of  modern  date. 

3 
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Some  * obferving  thatriver  water, 
almoft  in  every  part  of  the  globe,  is, 
in  a greater  or  lefs  degree,  impreg- 
nated with  fea  fait,  have  thought 
that  the  fea  has  gradually  acquired 
its  prefent  quantity  of  fait  from 
the  long  continued  influx  of  rivers. 
The  water,  which  is  carried  into  the 
fea  by  the  rivers,  is  again  feparated 
from  it  by  evaporation,  and  being 
difperfed  over  the  atmofphere  by  the 
winds,  it  foon  defcends  in  rain  or 
vapour  upon  the  furface  of  the  earth; 
from  whence  it  haltens  to  pour  into 
the  bofom  of  the  ocean,  the  frefli 
tribute  of  fait,  which  it  has  colledled 
in  its  inland  progrefs.  Thus  the 
fait  conveyed  into  the  fea,  not  being 
a volatile,  fubllance,  nor  performing 
an  inceflant  circulation,  like  the  wa- 
ter 


* Halley,  Philof,  Tranf,  No,  344. 
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ter  which  carries  it  thither,  mu  ft  be 
a perpetually  increafing  quantity, 
and  time  enough,  it  is  contended,  has 
elapfed  fince  the  creation,  for  the  Tea 
to  acquire  from  this  Source  its  pre- 
sent quantity  of  fait. 

The  principle  upon  which  this 
opinion  is  founded,  cannot  become 
: he  fubjed  of  accurate  calculation; 
'ivers  may  have  formerly  carried 
.nore  or  lefs  fait  into  the  fea,  than 
*;hey  do  at  prefent;  and  the  quanti- 
ses, contained  at  prefent  in  different 
‘ivers,  are  fo  various,  that  any  gene- 
ral pofition,  with  refped  to  the  pro- 
1 x>rtion  of  fait  obfervable  in  river 
vater,  will  be  liable  to  many  excep- 
i ions  from  particular  cafes.  It  may 
ippear  probable,  however,  from  the 
following  observation,  that  the  caufe 
here  affigncd  of  the  faltncfs  of  the 
V0L*  G fea. 
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fea,  is  not  adequate  to  the  effect. 
Sea  water,  at  a medium  taken  from 
obfervations  made  in  different  cli- 
mates, may  be  fuppofed,  without 
any  great  apprehenfion  of  error,  to 
contain  about  one  thirtieth  of  its 
weight  of  common  fait;  but  all  the 
rivers  in  the  world  could  not  have 
conveyed  into  the  fea  one  five  hun- 
dredth part  of  the  weight  of  the 
lea,  though  we  fuppofe  that  they 
have  daily,  ever  fince  the  creation, 
carried  into  the  fea  and  left  there, 
the  fame  quantity  of  fait,  which  they 
do  at  prefent  daily  depofit  in  it.  In 
order  to  make  this  out,  with  any  ap- 
pearance of  perfpicuity  and  precifion, 
we  will  take  for  granted,  what  fome 
eminent  philofophers  have  endea- 
voured to  prove,  — “ that  all  the 

rivers  in  the  world  flowing  into  the 

bed 


( 99  ) 

bed  of  the  fea,  with  a continuance  of 
their  prefent  {lores,  would  take  up 
at  lead;  eight  hundred  years  to  fill  it 
to  its  prefent  height  —this  being 
premifed,  let  us  fuppofe  the  ocean  to 
have  been  originally  quite  frefli,  and 
to  have  daily  loft  by  evaporation  as 
much  water,  as  it  daily  received  from 
the  influx  of  the  rivers,  then  mult 
eight  hundred  years  have  pafled  be- 
fore the  frefli  water  of  the  ocean 
could  have  been  changed  into  rivet 
water,  or  acquired  that  proportion  of 
fait  with  which  river  water  is  im- 
pregnated. River  water  may,  in  ge- 
neral, be  fuppofed  to  contain  one 
four  thoufandth  part  of  its  weight  of 
fea  fait ; fome  rivers,  doubtlefs,  con- 

Ipfcju,  «* 

tain 

'*  Goldfmith’s  Hill,  of  the  Earth,  8cc.  Vol. 
h p.  228.  Buffon,  Hift.  Nat.  Vol.  I.p.  356. 
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tain  more,  others  lefs,  but  the  quan- 
tity here  affumed  feems  to  be  great 
enough ; fince  even  the  Thames* 
water,  taken  up  near  Billingfgate,  im- 
pregnated, as  it  may  be  fuppofed  to 
be,  with  Tea  fait,  from  the  quantity 
of  it  ufed  in  London,  and  walhed  into 
it  by  various  drains,  does  not.  con- 
tain one  half  fo  much ; the  ocean 
upon  this  hypothefis,  at  the  expira- 
tion of  eight  hundred  years  from  the 
creation,  would  have  contained  one 
four  thoufandth  part  of  its  weight 
of  fea  fait ; and  at  the  expiration  of 
eight  times  eight  hundred  years,  it 
would  have  contained  eight  four 
thoufandth  parts,  or  one  five  hun- 
dredth part  of  its  weight  of  fait;  but 
eight  times  eight  hundred  years  carry 

us 

* See  an  ingenious  Inquiry  into  the  Nature 
of  Water,  by  Dr.  Rotherham,  p.  114. 
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us  back  to  an  asra  antecedent  to  the 
creation  of  the  world. 

Other  philofophers  *,  obferving 
that  large  beds  of  foffile  fait  are 
not  unfrequent  in  any  quarter  of  the 
globe ; and  conceiving,  with  grea!t 
probability,  the  bottom  of  the  fea 
to  be  analogous  in  its  formation  to 
the  furface  of  the  earth,  have  un- 
dertaken to  derive  its  faltnefs  from 
the  beds  of  rock  fait,  which  they 
have  fuppofed  to  be  fituated  at  its 
bottom;  and  they  are  further  of 
opinion,  that  without  fuch  a perma- 
nent faline  principle,  the  fea  would 
long  fince  have  become  infipid  from 
the  freih  water  poured  into'  it  by  an 
infinity  of  rivers.  Strange ! that 

what, 

* Mem.  de  1*  Acad,  des  Scien.de  Ber.  Ann. 
*760. 
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what,  according  to  the  forementioned 
hypothecs  was  thought  fufficient  to 
account  for  the  faltnefs  of  . the  fea, 
ihould  in  this  be  efteemed  inftru men- 
tal in  annihilating  the  faltnefs  already 
fuppofed  to  exift. 

This  opinion  is  liable  to  an  ob- 
jection of  fome  weight;  for  it  may 
-reafonably  be  inquired,  why  the 
waters  of  the  ocean  are  not  perfectly 
Saturated  with  fait,  if  they  have  ever 
iince  the  creation  been  exerting  their 
dilfolving  powers  upon  fuch  per- 
manent maflfes  of  rock  fait  as  are 
thought  to  be  fituated  at  its  bottom. 
Were  the  waters  of  the  ocean  in  a 
quiefcent  Hate,  and  every  where  of 
two  or  three  miles  in  depth,  as  they 
are  conjeCtured  to  be  in  fome,  it 
would  not  be  an  eafy  matter  to  de- 
fine the  time  in  which  the  waters  at 

the 
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the  furface  would  become  fapid, 
much  lefs,  in  which  they  would  be- 
come faturated,  though  the  whole 
bottom  of  the  ocean  was  covered 
>vith  a ftratum  of  rock  fait.  The 
water  contiguous  to  the  fait  would 
faturate  itfelf  therewith,  and  being 
thereby  rendered  heavier  than  the 
iuperficial  water,  it  would  not  readily 
mix  itfelf  with  it ; but  though  the 
lower  parts  of  the  fea  have  been  ob- 
ferved  by  divers  to  remain  in  a very 
tranquil  Hate,  when  the  upper  have 
been  much  agitated  by  ftorms ; yet 
it  may  reafonably  be  fuppofed,  that 
they  are  fufficiently  moved,  to  caufey 
in  a fufficient  length  of  time,  an 
uniform  diffufion  of  the  rock  fait, 

t 

they  may  be  fuppofed  to  have  dif* 
folved.  The  patrons  of  this  opinion 
found  their  reafoning  upon  a mi  Hake; 

c 4 they 
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they  think,  that  if  there  were  no 
mines  of  rock  fait  in  the  bed  of  the 
ocean-,  its  waters  would  have  been 
long  ago  converted  into  frelh  water, 
by  the  rivers  difcharged  into  it. 
Now  this  is  an  erroneous  principle  ; 
for  fuppofing  that  the  rivers  them- 
felves  contained  no  fait,  and  that 
they  returned  into  the  fea,  in  any 
given  time,  the  fame  quantity  of 
water,  which  in  the  fame  time  is 
raifed  from  it  by  evaporation,  the 
faltne'fs  would  remain  precifely  the 
fame  for  ever.  But  neither  of  thcfe 
fuppofitions  is  true,  for  the  rivers  do 
convey  into  the  ocean  fome  por- 
tion of  fait  every  day,  and  they  do 
not,  in  any  given  time,  return  into 
the  ocean  fo  much  water  as  in  the 
fame  time  is  feparated  from  it ; and 
upon  both  thefe  accounts,  the  felt-' 

nels 
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aefs  of  the  fea,  fo  far  from  being 
diminifhed,  ought  conftantly  to  be 
mereafed,  from  the  rivers  poured 
into  it^ 

Boyle  * unites,  as  it  were,  the  two 
preceding  hypothefes,  and  <c  takes 
the  faltnefs  of  the  fea  to  be  fupplied> 
not  only  from  rocks  and  other  maffes 
of  fait,  which  at  the  beginning  were, 
or  in  fome  countries  may  yet  be 
found  either  at  the  bottom  of  the 
fea,  or  at  the  fides,  where  the  water 
can  reach  them ; but  alfo  from  the 
fait  which  the  rivers,  rains,  and 
other  waters  diffolve  in  their  paffage 
through  divers  parts  of  the  earth, 
and  at  length  carry  with  them  into 
the  fea.”  Buffon-f-,  and  the  gene- 
rality 

* Boyle’S  Works,  Vol.  TIL  p.  38  r. 

f Hift.  Nat.  Vol.  I.  p.  361.  Goldfmith’k 
Hift.  of  the  Earth,  Vol,  I,  p.  234. 
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rality  of  philofophers,  acquiefce  in 
the  opinion  of  Boyle. 

After  all,  it  may  be  obferved,  that 
we  are  inquiring  into  the  caufe  of  a 
phenomenon,  which  it  may  be  faid 
had  nc  fecondary  caufe  at  all.  It  is 
•taken  for  granted  in  this  difquifition, 
that  the  wrater  which  covered  the 
globe  in  its  chaotic  date,  was  not 
impregnated  with  fait  as  at  prefent, 
but  quite  frelh  ; now  this  is  an  opi- 
nion concerning  a matter  of  fad, 
which  can  never  be  proved  either 
way ; and  furely  we  extend  our  {pe- 
culations very  far,  when  we  attempt 
•to  explain  a phenomenon,  primeval 
to,  or  coeval  with,  the  formation  of 
the  earth. 

Bernardine  Gomefius  *,  about  two 
hundred  years  ago,  puhlilhed  an  in- 
genious 

* Gomes  tie  Sale,  1.  i.  c.  24. 
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genious  treatife  upon  fait : in  this 
'treatife,  after  reciting,  and  refuting, 
the  opinions  of  Empedocles,  Anax- 
agoras, and  Ariftotle,  upon  the  fub- 
jecft  in  queftion,  he  propofes  his  own; 
wherein  he  maintains  that  the  fea 
was  originally  created  in  the  fame 
hate  in  which  we  at  prefent  find  it, 
and  impregnated  from  the  very  fir  ft 
with  the  fait  which  it  contains. 
Though  this  hypothefis  maybe  con- 
fidcred  by  fome,  rather  as  a cutting 
than  any  untying  of  the  knot,  yet  it 
has  been  embraced  by  philofophers 
of  great  eminence  * ; and  it  muft  be 
owned  that  it  may  be  applied  to  the 
folution  of  fome  phenomena  with  pe- 
culiar propriety.  Naturalifts  aftlire 
us,  that,  though  fome  few  fpecies  of 

fifties 

* Kircher  Mun.  Sub.  L.  iii.  c.  iii. 

Nollet.  Lee,  de  Phyf.  Torn.  IV.  p.  62, 
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fifties  thrive  in  frefh  water,  and  fome 
others  live  alternately  in  frefh  water 
and  fait,  yet  by  far  the  greatefl  num- 
ber cannot  exifl  out  of  the  fea;  now 
whether  we  fuppofe  the  fea  to  have 
become  fait  from  the  influx  of  rivers, 
or  from  the  gradual  folution  of  beds 
of  rock  fait,  or  from  the  combined 
influence  of  both  thefe  caufes,  it  muff 
for  fome  years  have  remained  fo  ex- 
ceedingly frefh,  that  it  will  not  be  an 
eafy  matter  to  account  for  the  conti- 
nuation of  the  exigence  of  the  num* 
berlefs  fpecies  of  fifties,  which  cannot 
live  in  frefh  water.  This  difficulty 
is  not  removed  by  fuppofing  that 
fiffies  do  not  imbibe  any  part  of  the 
fea’s  faltnefs  with  their  food,  and  at- 
tributing the  efficacy  of  fea  water  in 
preferving  life,  to  the  fuperior  weight 
with  which  it  compreffes  the  organs 
i of 
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of  refpi ration,  for  this  fuperior  weight 
is  as  much  an  effedt  of  the  fait  dif- 
folved  in  it,  as  the  faline  tafte  itfelf. 
The  faltnefs  of  the  Cafpian  fea,  of  the 
lakes  of  Mexico,  and  Titicaca,  and  of 
other  large  collections  of  waters, 
which  have  no  effluent  rivers,  nor 
vifible  communication  with  the  fea, 
may  be  as  fuccefsfully  explained  up- 
on this  hypothefis,— that  the  fea  was 
at  the  creation  impregnated  with  fait 
— as  upon  either  of  the  preceding* 
Befides  the  opinions,  concerning 
the  caufe  of  the  faline  impregnation 
of  the  fea,  which  have  been  here 
mentioned,  there  is  another,  which 
future  ages  will,  probably,  fee  lefs 
queflionable  reafons  to  adopt  than 
we  do : I mean  that  which  maintains 
—that  fea  fait  is  conftantly  and  abun- 
dantly 
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dantly  generated,  both  on  the  fur- 
face  of  the  earth,  and  in  the  bofom 
of  the  ocean. 

But  how  ineffectual  foever  our  at- 
tempts may  be  to  explain  the  caufe 
of  the  faltnefs  of  the  fea ; yet  one 
might  have  hoped,  that  in  this  age 
of  philofophy  and  curious  navigation, 
the  degree  of  its  faltnefs  in  every 
latitude,  and  every  feafon  of  the  year, 
would  have  been  afcertained  by  ac- 
curate experiments.  The  acquiring 
knowledge  by  experiments,  is  allow 
and  laborious  method,  but  it  is,  at 
the  fame  time,  a method  within  our 
reach : whilft  the  theoretical  inveftiga- 
tionof  the  proximate  caufe  of  any  na- 
tural phenomenon  often  furpafles,  and 
that  of  its  ultimate  caufe  always  fur- 
paffes  the  apprehcnfion  of  the  hu- 
man intellect. 


Some 
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Some  experiments  tending  to  the 
elucidation  of  this  point,  refpedting 
the  famenefs  or  di'verfity  of  the  falt- 
nefs  of  the  fea  in  different  places, 
were  made  in  the  courfe  of  the 
voyage  towards  the  North  Pole,  in 
1773.  We  learn  from  thefe  experi- 
ments, that  the  fea  water  at  the  None 
contained  not  quite  TV.of  > at  the 
back  of  Yarmouth  fands  not  quite  TXT ; 
off  Flambordugh  Head  rather  more 
than  ~ ; off  Shetland  rather  lefs  than 
~ ; latitude  74  at  fea  latitude  78 
lefs  than—;  latitude  80,  near  the 
ice,  not  quite  ; latitude  80.  30,  un- 
der the  ice,  not  quite  ; latitude 
68.46,  rather  more  than  ~T;  latitude 
65,  at  fea,  rather  lefs  than  -^T*.  “Dr. 

Hales 

* Thefe  feveral  quantities  are  derived  from 
the  experiments  mentioned  in  a Voyage  to- 
wards 
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Hales  got  only  T'T  from  water  taken 
up  in  the  Mediterranean , and  ~ from 
water  taken  up  at  the  Nore.  Dr. 
Rutty  fays,  he  got  from  water 
taken  up  in  latitude  65 ; _XT  from 
water  taken  up  near  to  Dublin;  and 
3^  from  water  taken  up  at  Dungar- 
van ; and  Dr.  Lucas,  that  he  got  ~T 
from  fea  water  taken  up  at  Har- 
wich The  reader  will  obferve 
-that  thefe  experiments  do  not  per- 
fectly accord,  as  to  the  -quantity  of 
falt-contained  in  water  taken  up  at 
the  fame  place,  as  at  the  Nore,  and 
in  latitude  65.  This  is  not  to  be 
wondered  at ; the  fea  water  in  the 
fame  latitude,  is  not  always  equally 

di- 
wards the  North  Pole,  1773,  by  Conf.  John 
Phipps,  now  Lord  Mulgrave,  p.  143. 

* Monro  on  Mineral  Waters,  Vol.  I.  p, 
Jo  5. 
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diluted  by  the  frefh  water  which  falls 
from  the  atmofphere ; nor  can  we  be 
certain,  that  different  perfons,  in 
making  experiments  of  this  kind, 
have  always  ufed  the  fame  degree  of 
heat,  in  drying  the  refidue  which  re- 
mains after  the  evaporation  of  the 
water  j or  that  they  have  evaporated 
the  water  with  the  fame  degree  of 
heat : and  yet  this  circumftance  alone 
may  occafion  a great  difparity  in  the 
quantity  of  the  faline  matter,  fepara- 
ble  from  a definite  weight  of  fea  water. 
For  not  to  infift  upon,  what  has  been 

• before  mentioned,  the  decompofition 
' of  a part  of  the  fea  fait,  which  takes 

place  when  a folution  of  it  is  evapor- 

• ated  with  a great  heat,  it  may  beob- 
ferved,  that  the  fea  fait  in  fubftance 
is  difperfed,  when  a faturated  folution 
of  it  is  evaporated  with  even  lefs  than 

vol.  ii.  H a boil- 
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a boiling  heat.  This  is  very  clearly 
feen,  when  a fmali  quantity  of  a folu- 
tion  of  fea  fait  is  evaporated  to  dry- 
nefs  in  a deep  copper  veffel,  for  the 
infide  of  the  veffel,  which  can  come 
in  contaft  with  nothing  but  the  va- 
pour, is  fpangled  with  particles  of 
fait,  which  have  been  carried  up  with 
the  vapour. 

It  appears  from  fome  experiments, 
formerly  made  in  a voyage  from 
England  to  Bombay  in  the  Eaft  Indies, 
that  the  weight  of  the  fea  water  was 
thegreateft,  notprecifely  at  the  Equa- 
tor, but  where  the  fun  was  vertical, 
and  confequently,  in  fimilar  circum- 
ftances,  where  the  heat  was  greateft. 
The  greateft  weight  of  a definite 
quantity  of  fea  water,  which  was  ob- 
ferved  in  failing  from  2 8 degrees, 
north  latitude,  to  the  Cape  of  Good} 

Hope ,, 
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, Hvpe,  which  is  about  34-f  degrees 
fouth  latitude,  in  the  months  of  May, 
j June,  and  July,  was  at  St.  Jago  ifland, 
north  latitude,  15  degrees  ; and  the 
ileaft  was  at  Tenerif  ifland,  north  la- 
r.  titude  28.  The  weights  of  equal 
bulks  of  Thames  water,  of  the  fea 
water  at  Tenerif,  and  St.  Jago,  were 
6659 — 673-i — 780^  grains*;  the  pro* 


nearly  thus  exprefled. — Thames  wa- 
iter 1000, Tenerif  fea  water  1022, 

— St.  Jago  fea  water  1184.  By  com- 
sparing  thefe  numbers  with  a Table 
in  the  Philofophical  Tranfaclions,  ex- 
hibiting the  comparative  weight  of 
equal  bulks  of  fimple  water,  and  of 
'water  impregnated  with  different 
portions  of  fea  fait,  it  may  be  con- 
jectured, that  the  Tenerif  fea  water 


of  which  numbers  may  be 


h 2 


con- 


* Gentleman’s  Vol.XXV.  p.  260. 
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contained  about  TV  of  fait,  and  the: 
St  Jago  water  above  1 of  its  weight! 
of  fait,  fo  that  it  was  nearly,  if  not! 
fully,  fatu rated*. 

As  it  is  not  every  perfon  who  can 
make  himfelf  expert  in  the  ufe  of  the 
common  means,  of  eftimating  the 
quantity  of  fait  contained  in  fea  wa- 
ter, I will  mention  a method  of  do- 
ing it,  which  is  fo  eafy  and  fimple: 
that  every  common  failor  may  under 
{land  and  pradtife  it  and  which,  ai 
the  fame  time,  from  the  trials  I hav 
made  of  it,  fee-ms  to  be  as  exact 
method,  as  any  that  has  yet  bee 
thought  of. — Take  a clean  towel  « 

am 

* I formed  the  table  here  referred  to  aboi 
io  years  ago;  I have  reafon  to  think,  th 
thofe  who  have  leifure  and  accurate  inftr 
ments,  might  make  it  more  correft,  by  uih 
more  precaution  than  I did  in  fome  particula: 
efpecially  in  what  relates  to  the  purity  of  t 
>alt.  Philof.  Tranf.  1770,  p.  349. 
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r my  other  piece  of  cloth,  dry  it  well 
rin  the  fun  or  before  the  fire,  then 
fweigh  it  accurately,  and  note  down 
i its  weight ; dip  it  in  the  fea  water, 
f;and,  when  taken  out,  wring  it  a lit- 
tle till  it  will  not  drip,  when  hung 
.up  to  dry ; weigh  it  in  this  wet  ftate, 
then  dry  it  either  in  the  fun  or  at  the 
tfire,  and,  when  it  is  perfectly  dry, 
v weigh  it  again.  The  excefs  of  the 
\ weight  of  the  wetted  cloth  above  its 
'original  weight,  is  the  weight  of  the 
; fea  water  imbibed  by  the  cloth  ; and 
:the  excefs  of  the  w.eightof  the  cloth, 
rafter  being  dried,  above  its  original 
-weight,  is  the  weight  of  the  fait  re- 
gained by  the  cloth;  and  by  com- 
’paring  this  weight,  with  the  weight 
of  the  fea  water  imbibed  by  the  cloth, 

1 v/e  obtain  the  proportion  of  fait  con- 
tained in  that  fpecies  of  fea  water. 

h 3 Who- 
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Whoever  undertakes  to  afcertain 
the  quantity  of  fait,  contained  in  lea 
water,  either  by  this  or  any  other 
method,  would  do  well  to  obferve 
the  date  of  the  weather,  preceding 
the  time  when  the  fea  water  is  taken 
out  of  the  fea,  for  the  quantity  of 
fait  contained  in  the  water  near  the 
furface,  may  be  influenced,  both  by 
the  antecedent  moifture,  and  the  an- 
tecedent heat  of  the  atmofphere. 
And  this  leads  to  the  confideration 
of  a queflion  propofed  by  AriJlotle*y 
—Why  are  the  upper  parts  of  the 
fea  falter  and  warmer  than  the  lower  ? 

Some  philofophers  admitting  the 

fa£t,  have  followed  him  in  attempt- 
ing to  explain  it ; whilfb  others  have 
thought  themfelves  authorized  by  ex- 
periment, to  deny  the  truth  of  the 

pofii- 


* Arift.  Prob.  S.  xxiii.  9.  30, 
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pofition;  and  thole,  perhaps,  will 
argue  with  the  greateft  juftnefs,  who 
fhall  affirm,  that  it  is  neither  gene- 
rally to  be  admitted,  nor  generally  to 
be  rejected,  but  that  the  fea  in  fome 
places,  and  under  certain  circum- 
ftances,  is  falter  and  warmer  at  the 
furface,  than  at  any  coiffiderable 
depth  beneath  it,  while  in  many  others 
the  reverfe  is  true.  The  queftion 
confifts  of  two  parts,  betwixt  which, 
though  there,  probably,  is  a con- 
nection, yet  it  is  not  fo  neceffary  a 
one,  as  to  hinder  us  from  confider- 
ing  each  part  by  itfelf. 

As  to  the  faltnefs  of  the  fea  at 
different  depths,  we  have  different 
accounts  concerning  it.  There  are 
two  methods  of  eftimating  the  rela- 
tive quantities  of  fait  contained  in 
h 4 differ- 
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different  fpecirnens  of  Tea  water ; one 
confifts  in  weighing  equal  bulks  of 
them,  fuppofe  a pint  or  a bottle  full 
of  each  j for  if  they  have  equal 
weights,  it  is  fafely  enough  inferred, 
that  they  contain  equal  quantities  of 
fait : the  other  confifts  in  evaporat- 
ing a pint,  or  any  other  meafure  of 
fea  water,  and  weighing  the  fait 
(which  is  not  evaporable)  remaining 
after  the  water  is  wholly  diflipated. 
Mr.  Boyle  found,  that  equal  bulks 
of  water  taken  up  in  the  Channel  be- 
tween France  and  England  at  the  fur- 
face,  and  at  the  depth  of  fifteen  fa- 
thoms, were  equally  heavy,  and 
thence  he  concludes,  that  the  fuper- 
ficial  water  was  as  fait  as  that  at  a 
great  depth.* 

On 


* Boyle’s  Obferv.  on  the  Saltnefs  of  the  Sea. 
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On  the  other  hand,  Count  Mar- 
filli  obtained  by  evaporating  the 
water,  a thirtyTecond  part  only  of 
its  weight  of  fait  from  water,  taken 
up  on  the  furface  of  the  fea  in  the 
gulf  of  Lyons,  whilft  that  taken  up 
at  the  fame  time  and  place  from  a 
great  depth  gave  him  a twenty-ninth 
part  of  its  weight  of  fait , and  he 
thence  infers,  the  greater  faltnefs  of 
the  fea  at  the  bottom  than  at  its  fur- 
face*.  In  this  conclufion  he  has  been 
fupported  by  experiments  made  in 
the  gulph  of  Bothnia . 

There  can  be  no  reafon  to  fufpcft 
the  accuracy  with  which  any  of  thefe 
experiments  was  made : in  different 
places  the  fa£ts  will  probably  be 
different.  T he  Rhone  difcharges 
much  frefi  water  into  the  gulf  of 

Lyons ; 


* Iiiftoire  Phyf,  de  la  Mer, 
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* 

Lyons ; this  frefh  water  being  lighter 
than  the  fea  water,  will  not  readily 
mix  itfelf  with  it,  and  for  this  reafon 
the  iuperficial  water  will  be  moft 
diluted  by  it,  and  from  that  circum- 
ftance  it  will  contain  lefs  fait,  in  a 
definite  quantity,  than  the  water 
which  is  at  a greater  depth.  At 
Northwich  they  pump  their  brine, 
which  is  to  be  boiled  into  fait,  into 
a very  large  circular  bafon,  funk  in 
the  ground,  and  lined  with  brick, 
from  whence,  when  its  impurities 
are  fubfided,  it  is  conveyed  to  the 
boiling  pans.  This  bafon  is  expofed 
to  the  open  air,  and  in  cafe  of  a 
great  fall  of  rain,  or  lnow,  they  let 
off  the  uppermoft  par-ts  of  the  water 
through  a wooden  tube,  which  is  at 
other  times  flopped  with  a plug. 


placed  upon  a level,  nearly,  with 
the  upper  furface  of  the  brine  in  the 
bafon ; what  is  thus  let  off  is  not 
preferved,  but  thrown  away  as  ufe- 
lefs.  This  praflice  proceeds  upon 
the  principle  we  are  fpeaking  of, 
namely,  that  frefh  water  is  not  apt 
to  mix  itfelf,  unlefs  it  be  much  agi- 
tated with  fait  water.  The  gulf  of 
Bothnia  receives  rivers  from  an  im- 
menfe  range  of  mountains,  extend- 
ing themfelves  to  the  eaft,  the  north, 
and  the  weld,  far  beyond  the  polar 
circle ; and  therefore,  as  in  the  gulf 
of  Lyons,  its  furface  may  be  more 
diluted  with  frefh  water  than  its 
middle  or  bottom.  But  in  the  water 
of  the  Etiglijh  channel , with  which 
Mr.  Boyle  made  his  experiment,  the 
cafe  is  very  different.  This  water 

has 
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has  a communication  with  the  Ger- 
man ocean  on  one  fide,  and  with  the 
Atlantic  on  the  other;  and,  from 
that  circumftance,  it  is  fubjedt  to 
fuch  a conftant  agitation  as  will  oc- 
cafion  all  the  frefh  water,  poured 
into  it  by  the  Thames,  Medway,  and 
other  rivers  of  lefs  confequence,  to 
be  uniformly  diffufed  through  all  its 
fubftance,  fo  as  to  render  it  equally 
fait  at  all  depths.  The  conftant 
efteft  produced  on  the  fuperficial 
water  of  the  fea,  by  the  influx  of  a 
large  river,  is  fomewhat  fimilar  to  the 
temporary  effedt,  attending  a down- 
fal  of  rain  ; the  fuperficial  water  will 
be  thereby  much  diluted.  It  was 
obferved  in  the  voyage  to  Bom- 
bay before  referred  to,  that  if  a 
quantity  of  fea  water  in  dry  weather 

weighed 
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■weighed  778  grains,  an  equal  quan- 
tity immediately  after  a fall  of  rain 
would  not  weigh  above  676  grains, 
the  fame  quantity  of  Thames  water 
weighing  659  grains.  Hence  it  may 
be  colledted,  that  the  weight  of  a 
cubic  foot  of  the  fea  water  before 
rain  exceeded  the  weight  of  a cubic 
foot  after  rain  by  155  ounces. 

In  the  voyage  which  was  made 
towards  the  North  Pole  in  1773,  we 
meet  with  fome  experiments  on  this 
fubjebt. 

In  the  open  fea  off  Shetland,  north 
latitude  60  degrees,  equal  quantities 
of  water  were  taken  up  at  the  fur- 
face,  and  at  the  depth  of  fixty-five 
fathoms ; thefe  different  waters  yield- 
ed by  evaporation  equal  quantities 
of  fait,  namely,  ~ of  their  weight 
nearly. 


On 
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On  another  occafion,  in  north  la- 
titude 65  degrees,  fome  water  taken 
up  from  the  furface  gave  nearly  JL. 
of  its  weight  of  fait,  whilft  an  equal 
weight  taken  up  from  the  depth  of 
683  fathoms  in  the  fame  place,  gave 
only  TV 

It  is  obvious  that  the  firft  of  thefe 
experiments  confirms  Mr.  Boyle’s 
notion  of  the  fea  being  equally  fait 
at  all  depths,  and  that  the  fecond  is 
wholly  oppofite,  both  to  his  opinion, 
and  that  of  Count  Marfilli,  fo  that 
the  queftion  remains  dill  undecided. 
There  is  a circumftance,  however, 
•which  I will  fubmit  to  the  reader’s 

con- 

* In  page  143,  from  which  this  account 
is  extracted,  the  latitude  is  put  equal  to  75  de- 
grees ; but  it  appears  from  pages  1 17  and  137, 
that  the  fhip  on  the  4th  of  Sept,  when  this  ex- 
periment was  made,  was  in  latitude  65. 
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uonfideration,  whether  it  may  not  be 
fufficient  to  explain  the  different  re- 
fultsof  the  experiments  made  during 
the  voyage  here  fpoken  of.  The 
experiments  which  gave  equal  quan- 
tities of  fait  from  equal  quantities 
of  water,  taken  up  at  the  furface, 
and  at  the  depth  of  65  fathoms,  were 
made  on  the  12th  of  June;  the 
others,  which  gave  more  fait  from 
the  fuperficial,  than  from  the  deep 
water,  were  made  on  the  4th  of  Sep- 
tember. Now  admitting  the  falt- 
nefs  of  the  fuperficial  water,  and  of 
water  at  the  depth  of  683  fathoms 
to  have  been  the  fame,  in  the  begin- 
ning of  June,  why  may  not  the 
quantity  of  water,  evaporated  from 
the  furface  of  the  fea,  during  the 
hot  months  of  July  and  Auguff, 
have  left  the  fuperficial  water  more 

impreg- 
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impregnated  with  fait  than  the  water 
at  a great  depth  ? It  is  fome  con- 
firmation of  this  notion,  that  the  air 
in  June  was  only  fix  degrees  warmer 
than  the  water  from  the  depth  of  65 
fathoms,  and  that  the  air  in  Sep- 
tember, when  the  experiment  was 
made,  was  above  26  degrees  hotter 
than  the  water  from  the  depth  ot 
683  fathoms.  The  rife  of  frefh 
fprings  at  the  bottom  of  the  fea,  in 
particular  places,  may  be  another 
reafon  for  our  accidentally  finding 
the  fea  falter  at  its  furface  than  at 
any  great  depth  below  it.  How- 
ever, neither  of  the  reafons  here 
offered  in  explanation  of  the  pheno- 
menon are  wholly  to  be  relied  on ; 
for  the  frefh  water  which  may.  acci- 
dentally be  found  at  the  bottom  of 
the  fea  will  rife  u j till  it  becomes  as 

much 
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much  impregnated  with  fait,  as  the 
water  incumbent  over  it  is,  and  the 
water  at  the  furface,  which  is  ren- 
dered heavier  by  the  fun’s  having 
evaporated  fome  of  its  frefh  parti- 
cles, will  probably  fink  downwards, 
and  mix  itfelf  with  the  water  below 
it,  till  the  whole  mafs  of  water  be- 
comes equally  heavy,  andconfequent- 
ly  equally  fait.  The  fa6t  itfelf,  of  the 
fea  being  in  any  cafe  falter  at  the 
furface  than  at  its  bottom,  ought  to 
be  afcertained  by  repeated  experi- 
ments. 

With  refpedt  to  the  temperature 
of  the  fea  at  different  depths,  it 
leems  reafonable  eaough  to  fuppofe, 
that  in  fummcr  time  it  will  be  hotter 
at  the  furface  than  at  any  confider- 
able  clepth  below  it,  and  that  in 
winter  it  will  be  colder.  Suppofe  a 

vol.  ii.  I , ciftern. 
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ciflern,  twelve  feet  in  depth,  to  be 
filled  with  fpring  water,  of  48  degrees 
warmth,  to  the  height  of  eleven  feet, 
then  if  we  fill  up  the  ciflern  to  its 
top,  by  gently  pouring  water  heated 
to  100  degrees  upon  the  furface  of 
the  fpring  water,  it  may  readily  be 
underftood,  that  the  heat  of  this 
water  will  not  be  ihftantaheoufly 
communicated  through  the  whole 
mafs  of  water  in  the  ciflern,  but  that 
the  water  will  decreafe  in  heat  fiom 
the  furface  to  the  bottom  of  the 
ciflern.  On  the  other  hand,  if  on 
the  1 1 feet  of  fpring  water  heated 
to  48  degrees,  we  pour  a foot  of 
water  heated  only  to  33  degrees,  it  ; 
may  be  expedted,  that  the  lpring 
water  which  is  nearefl  to  the  cold 
water,  will  be  fooner  cooled  by  it 

than  that  which.,  is  at  a greater 

diflance; 
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.diftance;  and  on  this  account  the 
'rater  at  the  bottom  of  the  ciftern 
• vill  be  warmer  than  that  in  the 
middle  or  at  the  top.  It  mull  be 
>bferved,  however,  that  cold  water 
>eing,  bulk  for  bulk,  heavier  than 
tot  water,  the  water  which  has  only 
3 degrees  of  heat  will  defcend  by 
-s  fuperior  weight,  into  the  mafs  of 
vater  contained  in  the  ciftern,  and 
iius  the  water  in  the  ciftern  will  be 
moled,  not  only  by  the  bare  com- 
munication of  cold  from  the  upper 
'ater,  but  by  the  aftual  mixture  of 
mat  water  with  the  reft,  fo  that  the 
ifference  between  the  heat  of  the 
ater  at  the  bottom  and  top,  will 
mt  be  fo  great  as  it  would  have 
een>  if  the  cold  water  had  not 
uxed  itfelf  with  the  reft,  Thefe 
i i fuppo- 
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fuppofitions  of  hot  and  cold  water 
incumbent  on  the  fpring  water  in 
the  ciftern,  are  analogous  to  the 
adtion  of  the  fummer  and  winter 
atmofpheres  incumbent  on  the  fur- 
face  of  the  fea.  No  perfon,  who 
has  bathed  in  deep  {landing  water  in 
fummer  time,  can  have  failed  to 
obferve,  that  the  water  grew  colder 
and  colder,  according  to  the  depth 
to  which  he  defcended.  I have  fre- 
quently obferved,  that  the  furface  of 
a pool  of  water  of  two  feet  in  depth, 
has,  in  a funny  day,  even  in  winter, 
been  five  degrees  hotter  than  the 

water  at  its  bottom. 

Mr.  Wales  defcribes  the  inftru- 
ment  he  made  ufe  of  for  trying  the 
temperature  of  the  fea  at  different 
depths,  in  the  following  terms: 

« The 
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*<  The  apparatus  for  trying  the  heat 
of  the  fea  water  at  different  depths, 
confifted  of  a fquare  wooden  tube, 
of  about  1 8 inches  long,  and  3 
inches  fquare  externally.  It  was 
fitted  with  a valve  at  the  bottom, 
and  another  at  the  top,  and  had  a 
contrivance  for  fufpending  the  ther- 
mometer exadtly  in  the  middle  of  it. 
When  it  was  ufed,  it  was  fattened 
to  the  deep-fea  line,  juft  above  the 
lead,  fo  that  all  the  way  as  it  de- 
fended the  water  had  a free  paflage 
through  it,  by  means  of  the  valves 
which  were  then  both  open ; but  the 
inftant  it  began  to  be  drawn  up, 
both  the  valves  clofed  by  the  pref* 
fure  of  the  water,  and  of  courfe  the 
thermometer  was  brought  up  in  a 
body  of  water,  of  the  fame  tempera- 
1 3 turc 


( *3+  ) 

ture  with  that  it  was  let  down  toV* 
With  this  inftrument,  which  is  much 
the  fame  with  one  formerly  defcribed 
by  Mr.  Boyle,  in  his  obfervations 
about  the  faltnefs  of  the  fea,  water 
was  fetched  up  from  different  depths, 
and  its  temperature  accurately  no- 
ticed, in  different  feafons  and  lati- 
tudes. 

Augufl  27,  1772,  fouth  latitude 
24°.  40'.  The  heat  of  the  air  was 
72.1,  — of  the  water  at  the  furface 
70, — of  water  from  the  depth  of  80 
fathoms  68  f. 

December  27,  1772,  fouth  lati- 
tude 58°  21'.  The  heat  of  the  air 
was  31A, — of  the  water  at  the  fur- 

face 

* See  Aftronomical  Obfervations  made  in  a 
Voyage  towards  the  South  Pole,  & c.  in  1772? 
1773,  Sec.  by  W.  Wales.  Introduction,  p.  53. 

-j-  Wales’  Obfer.  p,  206, 
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face  3?,  — of  water -from  the  depth 
of  160  fathoms  334-*’ 

In  the  voyage  to  the  high  northern 
latitudes  before  mentioned,  they 
made  ufe  of  a bottle  to  bring  up 
water  from  the  bottom,  which  is 
thus  defcribed.  “ The  bottle  had  a 
coating  of  wool,  three  inches  thick, 
which  was  wrapped  up  in  an  oiled 
fkin,  and  let  into  a leather  purfe, 
and  the  whole  inclofed  in  a well- 
pitched  canvas  bag,  firmly  tied  to 
the  mouth  of  the  bottle,  fo  that  not 
a drop  of  water  could  penetrate  to 
its  furface.  A bit  of  lead  fhaped 
like  a cone,  with  its  bafe  down- 
wards, and  a cord  fixed  to  its  final! 
end,  was  put  into  the  bottle  and  a 
piece  of  valve  leather,  with  half  a 
dozen  flips  of  thin  bladder  were 
i 4 ft  rung 

* Wales*  Obfer,  p.  208.. 
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ftrung  on  the  cord,  which,  when 
pulled,  effectually  corked  the  bottle 
on  the  infide.”  I have  here  put  down 
two  of  the  experiments  which  were 
made  during  that  voyage. 

Auguft  4,  1773,  north  latitude 
8o°.  3c/.  The  heat  of  the  arr  was 
32, — of  the  water  at  the  furface  36, — 
of  water  fetched  up  from  the  depth 
of  60  fathoms  under  the  ice  39*. 

September  4,  1773,  north  lati- 
tude 65°.  The  heat  of  the  air  was 
66f, — of  the  water  at  the  furface 
55, — of  water  from  the  depth  of  683 
fathoms  40. 

It  appears  from  all  thefe  experi- 
ments that,  when  the  atmofphere 
was  hotter  than  the  furface  of  the 
fea,  the  fuperficial  water  was  hotter 

than 


* Voyage  towards  the  North  Pole,  p»  143. 


C J37  ) 

than  that  at  a great  depth  ; and  when 
the  atmofphere  was  colder  than  the 
furface  of  the  fea,  it  is  evident  that 
the  fuperficial  water  was  fomewhat 
colder  than  that  at  a confiderable 
diftance  below  it : and  I doubt  not 
that  this  will  generally  be  the  cafe, 
though  fudden  changes  in  the  tem- 
perat.ure  of  the  atmofphere,  which 
cannot  be  inflantly  communicated 
to  the  fea,  may  occafion  particular 
exceptions. 

In  the  year  1779,  feveral  experi- 
ments were  made,  with  great  accu- 
racy, in  order  to  inveftigate  the  tem- 
perature of  the  lake  of  Geneva , and 
of  other  lakes  in  Switzerland,  at 
different  depths ; we  learn  from  them, 
that  in  winter  time  there  is  very 
little  difference  between  the  heat  of 

the 
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the  water  at  the  fur  face,  and  at  a 
great  depth  below  it;  but  that  in 
fummer,  the  fuperficial  water  is  con- 
fiderably  wanner  than  that  which  is 
at  a great  didance  from  the  furface. 
The  experiments  were  made  with  a 
thermometer  graduated  after  Reau- 
mer’s  fcale;  fome  of  them,  reduced 
to  Fahrenheit’s  fcale,  are  expreffed 
below. 

Temperature  of  the  lake  of  Ge- 
neva at  different  depths,  in  the  be- 
ginning of  February  1779,  after  a 
month’s  uninterrupted  froft. 

Heat  of  the  open  air  variable 
from  37  to  40  degrees. 

In 


Water  at  the  furface  of  the  lake,  42* 
Depth  100  feet  - - - 42-*- 

Depth  250  feet  ...  42^- 

Depth  950  feet,  bottom  - 41 
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In  another  part  of  the  lake,  open 
air  from  37  to  40. 


Surface  - ^ 

42l 

Depth  350  feet  - 

42  ? 

Depth  620  feet,  bottom  - - 

, T 2 7 
41  80- 

Temperature  of  the  lake  of  New 
chdteh  July  17,  i779« 

> 

1 

* 

& 

7 Si 

Surface  - 

7d>  8 

Depth  225  feet,  bottom  - - 

41* 

* The  reader  will  find  a great  many  other 
experiments  of  the  fame  nature,  in  the  firil 
volume  (the  only  one  yet  publifhed)  of  a very 
interefting  work,  intitled,  Voyages  dans  les 
Alpes,  par  Horace-Benedidt  de  Sauflure,  Pro- 
felfor  of  Philofophy  at  Geneva. 
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OF  FRESH  WATER  PROCURABLE  FROM 
SEA  WATER,  BY  CONGELATION, 
.AND  BY  DISTILLATION. 


" fT^HE  fecond  day  we  defcried 
JL  a main  bank  of  ice,  in  the  lati- 
tude of  6o°.  We  wanting  frefh  water 
did  fail  clofe  to  this  land  of  ice,  and 
hoifled  out  our  boat  and  loaded  her 
twice  with  ice,  which  made  us  very 
good  frefh  water  V’ — f<  About  nine 

of 

* Capt.  Weymouth's  V»y.  1111602.  Pur- 
chafs’  Col.  B.  iv.  c.  13. 
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of  the  clock  in  the  forenoon  we  came 
by  a great  ifland  of  ice,  and  by  this 
ifland  we  found  fome  pieces  of  ice 
broken  off  from  the  faid  ifland,  and 
being  in  great  want  of  frefh  water,  we 
hoifted  out  our  boats  of  both  fhips, 
and  loaded  them  twice  with  ice,  which 
made  us  very  good  frefh  water*.” — 
“ The  pieces  of  ice  we  took  up  were 
hard  and  folid  as  a rock;  the  fait  wa- 
ter which  adhered  to  the  ice,  was  fo 
trifling  as  not  to  be  tailed,  and  after 
it  had  lain  on  deck  a little  time,  in- 
tirely  drained  oft;  and  the  water 
which  the  ice  yielded  was  perfeclly 
fweet  and  well  tailed  f.” — tc  In  the 
afternoon  we  filled  our  calks  with 

frefh 

* Capt.  Weymouth’s  Voy.  in  1602.  Pur- 
ehafs’  Col.  B.  iv.  c.  13. 

f Cook’s  Voy.  towards  the  S.  Pole  in  1773; 
Vol.  I,  p.  37, 
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frefh  water,  from  the  ice,  which  wfi 
found  very  pure  and  foft 
Notwithflanding  thefe  teftimonies 
of  our  mod  experienced  navigators, 
concerning  the  frefh  water  which 
they  procured  from  the  thawing  of 
the  ice,  they  found  floating  in  the 
fea;  yet  it  might  ftill  remain  a mat- 
ter of  doubt,  whether  the  ice,  from 
which  the  water  was  obtained,  had 
been  formed  in  the  fea,  and,  confe- 
quently,  whether  fea  water  itfelf 
•would  when  frozen  yield  frefh  water. 
For  it  might,  with  fome  appearance 
-of  probability,  be  faid,  that  the  ice 
] had  either  been  formed  at  the  mouths 
<of  larse  frefh  water  rivers,  and  thence 

O 

[by  tides  or  torrents  drifted  into  the 

|i fea  i or  that  it  had  been  broken  by 

its 

* Phipps’  Voy.  towards  the  N.  Pole  in  1773* 
ff,  6o« 
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ks  own  weight  from  the  immenfe 
clifts  of  ice  and  frozen  fnow>  which, 
in  countries  where  there  are  few  ri- 
vers, are  found  in  high  latitudes  to 
project  a great  way  into  the  fea*; 
or  laftly,  admitting  it  to  be  formed 
in  the  fea,  it  might  be  urged,  that  it 
was  formed  of  frelh  water,  not  of 
fait.  Fotherbye , in  his  voyage  in  16 14, 
efteems  fnow  the  original  caufe  of  the 
ice  found  at  fea,  for  he  obferved  it 
to  be  an  inch  thick  upon  the  furface 
of  the  fea  j and  Captain  Cook,  from 
his  own  obfervations  in  the  South 

Sea 

* Icebergs  are  large  bodies  of  ice  filling  the 
yallies  between  the  high  mountains. — Large 
pieces  frequently  break  off  from  the  icebergs, 
and  fall  with  great  noife  into  the  water  : we 
obferved  one  piece  which  had  floated  out  into 
the  bay,  and  grounded  in  twenty-four  fathom ; 
it  was  fifty  feet  high  above  the  furface  of  the 
water.  Phipps’  Voy.  p.  70. 
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Sea,  was  dilpofed  to  think,  that  the 
raft  floats  of  ice  he  met  with  in  the 
fpring,  were  formed  from  the  conge- 
lation of  fnow  *.  Without  doubt,, 
the  fnow  which  falls  upon  the  furface 
of  the  fea,  being  in  a folid  ftate,  and, 
bulk  for  bulk,  lighter  than  the  fea 
water,  will  not  readily  mix  itfelf  with 
it ; but  may,  by  a due  degree  of  cold 
in  the  atmofphere,  be  fpeedily  con- 
verted into  a layer  of  ice,  the  upper 
furface  of  this  fir  ft  layer  of  ice  being 
elevated  above  the  furface  of  the  fea, 
will  receive  all  the  frefh  water  which 
falls  from  the  atmofphere  in  the  form 
•of  fnow,  fleet,  rain,  or  dew;  by  the 
fucceftive  congelation  of  which,  the 
largeft  fields  of  ice  may  at  la  ft  be 
formed.  Whether  the  ice  found  at 

fea,, 

* Voy.  towards  the  S.  Pole,  Vol.  II.  p.  2 4*. 

VOL.  IU  K 
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fea,  be  formed  according  to  any  one 
or  all  of  thefe  ways,  it  is  evident, 
that  it  is  produced  from  an  accumu- 
lation of  congealed  frefh  water,  and 
that  we  cannot,  from  the  frefh  water 
procurable  from  ice  thus  formed, 
conclude  that  the  ice  of  frozen  fea 
water  would  yield  frefh  water. 

To  a navigator,  it  is  a matter  of  lit* 
-tie  confequence  to  determine,  whence 
the  ice  which  fupplies  him  with  frefh 
water  is  produced,  he  is  fure  of  meet- 
ing with  more  than  enough  of  it  for 
his  purpofe,  and  he  leaves  it  to  the 
leifure  of  philofophers  to  decide,  the 
queftion,  whether  congealed  fea  wa- 
ter will,  when  thawed,  yield  frefh 
water.  They  have  decided  it  by 
adtual  experiments,  made  with  every 
fuitable  attention.  Some  fea  water 
was  taken  up  off  the  North  Foreland, 
' , it 
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it  was  expofed  to  a freezing  atmo- 
fphere,  and  it  afforded  an  ice  perfectly 
free  from  any  taffe  of  fait.  The  fpe- 
cific  gravity  of  the  water,  produced 
from  the  melting  of  the  ice,  was 
fomewhat  greater  than  that  of  diffil- 
led  rain  water,  and  fomewhat  lefs 
1 than  that  of  a mixture  of  rain  and 
ifnow  water  taken  out  of  a water  tub. 
'The  degree  of  cold,  in  which  the  fea 
'water  froze,  was  28^  of  Fahrenheit's 
'thermometer,  or  lower  than  that  in 
’which  common  water  freezes^*.  The 
< degree  of  cold,  however,  in  which 
Tea  water  freezes,  cannot  be  afcer- 
ttained  in  general,  unlefs  it  can  be 
'•  (hewn,  that  the  fea  water,  taken  up 
1 in  different  latitudes,  contains  equal 
quantities  of  fait,  the  contrary  of 
‘which  is  probably  true.  And  in 
k 2 general, 

* Philof.  Tranf.  for  1776,  p.  251.  & 373, 
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general,  the  greater  the  quantity  of 
Fait  contained  in  any  portion  of  fea 
water,  the  greater  will  be  the  degree 
of  cold  neceflary  to  freeze  it. 

We  had  a fharp  froft  at  Cambridge 
on  the  2 ift  of  laft  December;  I fil- 
led a thin  phial,  holding  8 ounces, 
with  fea  water,  which  contained  - 
of  its  weight  of  fait,  and  expofed  it 
fufpended  from  the  branch  of  a tree,, 
during  the  night  of  the  day  before 
mentioned,  to  the. cold  of  the  atmo- 
fphere.  In  the  morning  I found  that 
a part  of  the  water  had  been  frozen  r 
I poured  the  unfrozen  part  from  the 
other,  and  having  rinfed  the  ice  in 
frelh  water,  fo  as  to  feparate  from  it 
the  fait  water  which  adhered  to  it, 
I thawed  it  before  the  fire,  and  found 
the  water  which  it  gave  to  be  wholly 
free  from  fait. 


2 
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It  had  been  long  ago  aflerted  by 
Macrobius  % that  Tea  water  was 
never  frozen,  but  that  the  ice  found 
at  fea,  proceeded  from  the  freezing 
of  the  frefh  water  fpread  over  its  fur- 
face  by  the  influx  of  rivers.  And  in 
modern  times,  the  opinion,  concern- 
ing the  freezing  of  fea  water,  feems 
to  have  ,been  admitted  with  great 
caution,  by  our  moll  experienced 
navigators.  They  were  aware,  in- 
deed, that  the  Baltic  and  other  large 
feas,  were  frequently  frozen  quite 
over, but  they  appear  to  have  thought 
that  falls  of  fnow  laid  a lufficient 
foundation  for  the  production  of  that 
event,  <(  without  its  being  at  all  ne- 
ceflary  for  the  fea  water  to  freeze  Jd* 
I cannot  conceive  that  there  was  any 
k 3 great 

* Macrob.  Sat.  L.  vfl.  c.  12. 

X Cook’s  Voy.  Vol.  II.  p.  242. 
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great  occafion  for  this  cautious  mode 

O 

of  expreffion,  fince  it  had  been  ob- 
served, above  a hundred  years  ago, 
that  not  only  fea  water,  but  water 
containing  double  the  proportion  of 
fait  commonly  found  in  our  fea  wa- 
ter, and  more  than  is  contained  in 
the  fea  water  of  any  climate,  might 
be  frozen  by  the  cold  prevailing  in 
our  atmofphere 

This  freezing  of  fea  water,  more- 
over, was  formerly  pradtifed,  and,  I 
believe,  is  ftill  pradtifed  in  feveral 
parts  of  the  north  of  Europe,  with  a 
view  to  lelfen  the  expence  and  trou- 
ble of  extracting  fait  from  fea  waterf. 
Stahl  informs  us  of  a chemift,  who, 

near 

* Boyle’s  Works,  fol.  ed.  Vol.  II.  p.  264. 

-j*  Junck.  Conf.  Chem.  Tab.  xviii.  ,f.  15* 
And  Wallerii  Mineral.  French  Tranf.  Vol.  I; 
p.  3:6. 
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near  a century  ago,  endeavoured  to 
expedite  the  bulinefs  of  making  fait 
in  Sweden  and  Livonia,  by  means  of 
froft,  With  this  view  he  propofed 
the  making  large  refcrvoirs  to  con- 
tain the  fea  water,  and  the  pumping 
the  concentrated  brine  from  under 
the  ice  into  proper  vefTcls,  to  be  boil- 
ed in  the  ordinary  way.  He  obtain- 
ed a patent,  but  a combination  of  falt- 
boilers  ruined  his  projedt*. 

I cannot  fee  why  this  cuftom  might 
not  be  introduced  into  England  with 
great  advantage.  A third  part  at 
lead:  of  fea  water  may,  by  freezing, 
he  converted  into  ice  by  the  ordinary- 
cold  of  our  winters : this  ice,  con- 
fining entirely  of  frefh  water,  may  be 
thrown  away  as  ufelefs,  and  the  rc- 
k.  4 maining 

Traitc  dcs  Sels,  par  M,  Stahl,  French 
Tranf.  1771,  p.  143. 


( *52  ) 

maining  two  thirds,  being  boiled 
down,  will  give  all  the  fait  contained 
in  the  whole  of  the  fea  water;  thus 
there  would  be  a faving  at  lead  of 
one  third  part  of  the  fuel  employed  in 
boiling  fea  water  into  fait*.  When 
it  is  faid,  that  the  unfrozen  fea  water 
contains  all  the  fait,  this  mud  be  nn- 
der flood  with  fome  redridtion,  fince 
it  is  probable,  that  the  frozen  part 
will,  upon  mod  occafions,  hold  a 
little  fait,  but  not  fo  much  as  is  con- 
tained 


* Bri-flo'l  and  other  waters  containing  earth, 
are  found  to  depofit  their  earth,  or  a great  por- 
tion of  it,  by  being  frozen.— Brownrigg  on  Salt, 
p.  76.  Some  ice,  taken  from  under  the  fur- 
face  of  the  fea  in  Hudfon’s  Streights,  being 
melted,  gave  6 ounces  of  fait  from  40  quarts 
of  water.— It  is  probable,  that  it  would  not 
have  given  fo  large  a proportion  of  fait,  had  it 
been  previoufly  cleanfed  from  the  adhering  fea 
water.  Philof.  Tranf.  1740,  p. -S07. 
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tained  in  many  fpring  waters,  which 
are  reckoned  fufficiently  pure.  Eight 
pounds  of  frozen  fea  water,  taken  up 
near  Calais,  left  upon  evaporation  32 
grains  of  refiduum,  about  half  of 
which  was  fea  fait.  The  fame  quan- 
tity of  unfrozen  fea  water,  taken  up 
at  the  fame  place  after  the  frod,  left 
by  evaporation  1412  grains  of  refi- 
duum, fo  that  the  water,  by  being 
frozen,  had  freed  itfelf  from  1380 
grains  of  heterogeneous  matter  *. 

The  ice  found  at  fea  is  of  different 
colours  and  confiflencies,  fome  is  po- 
liffied  and  pellucid,  and  thought  to 
be  frefh  water  ice;  another  kind  is 
of  a fpungy  texture,  and  of  a pale 
green  colour  like  vitriol ; and  it  has 
been  affirmed,  that  this  kind  of  ice 

is 

* Journ.  des  Scavans,  Mai,  1769.  See,  alfo 
Boerh,  Chem.  Vol.  I.  p.  721. 


( *S4  ) 

is  fait,  and  confifts  of  fait  water 
frozen  *.  This  is  a miftake,  both  as 
to  the  fadt  and  the  reafon  of  it ; for 
the  vitriol  coloured  ice,  when  freed 
from  the  fait  water  in  which  it  fwims, 
is  quite  frefh  and  fea  water  when 
frozen,  we  have  feen,  does  not  yield 
a fait  ice. 

We  may,  perhaps,  be  lefs  furprifed 
at  the  particles  of  water,  in  which 
fea  fait  is  diffolved,  feparating  them- 
felves  from  the  particles  of  the  fait, 
and  coalefcing  together  without  ad- 
mitting any  junction  with  fuch  a 
heavy  extraneous  body,  when  we 
confider,  that  during  the  adtion  of 
freezing,  they  refufe  all  union  even 
with  the  air  itfelf.  Water  in  its  fluid 

flate 

* Crantz’s  Hift.  of  Greenland,  B.  I.  c.  ii. 

f.  13. 

-j-  Philof,  Tranf.for  1770,  p.  rn, 
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'Hate  is  faturated  with  air,  but  it  is  in 
. a great  meafure,  if  not  wholly,  de- 
prived of  it  by  being  frozen;  and 
. modern  philofophers  have  followed 
the  opinion  of  Ariftotle,  in  attribut- 
ing the  infalubrity  (real  or  fuppofed) 
of  water  which  has  been  frozen,  to 
the  lofs  of  its  air  *.  <c  The  water  we 
melted  out  of  the  ice  (taken  up  at 
fea)  was  perfe&ly  frefh,  and  bad  a 
purer  tafte  than  any  we  had  on 
board.  If  any  fault  could  be  found 
with  it,  it  was  that  the  fixed  air  was 

ex- 


* Non  folo  rigore  nivalis  aqua  perniciofa  eft, 
fed  ob  aliam  caufam  quam  non  pigebit  apetire 
auftore  Ariftotele.  Omnis  aqua,  inquit,  habet 
infe  aeris  tenuiffimi  portionem  quae  ialutaris  eft 
—nix  ergo,  quae  nihil  aliud  eft  quam  aqua  in 
aere  denfata,  tenuitatem  fui  cum  denfaretur  ami- 
lit,  etideoexejus  refolutae  potu  diverfa  mor- 
•borum  genera  vifceribus  inieminantur.  Ma~ 
crob.  Sat. 
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■expelled  from  it,  by  which  means 
almoft  every  one  who  ufed  it,  was 
affected  with  fwellings  in  the  glands 
of  the  throat.  Water  melted  from 
fnovv  or  ice  is  known  always  to  have 
this  effect,  and  the  conftant  ufe  of 
it  in  mountainous  countries  produces 
thofe  enormous  wens  which  are  com- 
mon among  Alpine  nations  If 
the  lofs  of  the  water’s  air  be  the  true 
eaufe  of  the  tumid  throat,  obferv- 
able  among  the  inhabitants  of  the 
Alps,  and  of  the  glandular  fwellings 
here  mentioned,  it  feems  as  if  a 
very  fimple  procefs  would  free  it 
from  this  noxious  quality,  and  re- 
store it  to  its  original  falubrity.  A 
fimple  expofure  to  the  air,  for  a few 
days,  would  be  fufficient  for  the 
purpofe ; fince  water,  which  has 

been 


* Forfler’s  Voy.  Vol.  I.  p.  i©7« 
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been  deprived  of  its  air,  imbibes  it 
afrefh  very  readily,  and  becomes: 
faturated  with  it  in  no  great  length 
of  time.  And  this  readinefs  of  im- 
bibing air  makes  a material  differ- 
ence between  the  water  obtained 
from  the  fimple  thawing  of  fnow, 
and  river  water,  though  the  river 
water  itfelf  fhould  proceed  from 
melted  fnow ; for  being  in  its  courfe 
conffantly  expofed  to  the  air,  it  will 
foon  regain  the  air  which  it  had  loll 
by  being  frozen. 

This  may  not  be  an  improper 
place  to  obferve,  that  feveral  phyfi- 
cians  have  rejected  the  notion  of  the 
life  of  fnow  water  being  the  caufe 
of  the  wens  here  fpoken  of,  and  that 
upon  good  grounds.  For  in  Green- 
land, where  fnow  water  is  commonly 
ufed,  thefe  unfightly  protuberances’ 


are- 
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are  never  met  with  * ; nor  did  I ever 
fee  one  of  them  in  Wejlmor eland , 
where  we  have  higher  mountains,, 
and  more  fnow  than  they  have  in 
Derbyjhire , in  which  country  they 
are  very  common..  But  what  puts 
the  matter  beyond  doubt  is,  that 
thefe  wens  are  common  in  Sumatra , 
where  there  is  no  fnow  during  any 
part  of  the  year  -(*. 

The  poffibiiity  of  extracting  frefli 
water  from  fea  water  by  diftillation, 
has  been  long  known  ; and  indeed 
it  feems  as  if  it  could  never  have 
been  queftioned  by  thofe,  who  duly 
reflected  upon  the  origin  of  all  the 
frefh  water  we  meet  with  on  the  fur- 
face  of  the  earth.  The  geography 
of  the  globe  is  yet  but  imperfectly 

known ; 

* Rutty’s  Synop.  p.  42. 

f Philof.  Tran i\  for  1778,  p.  165. 
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known  ; enough,  however,  is  knows* 
of  it  to  convince  us  that  a much 
larger  portion  of  its  furface  is  occu- 
pied by  fea  than  by  land.  The  At- 
lantic Ocean  appears  at  firft  view  to 
be  larger  than  the  whole  Weftern 
Continent,  and  the  area  of  the  reft 
of  the  habitable  world,  even  if  we 
take  into  confederation  the  land  re- 
cently explored  in  the  fouthern 
hemifphere,  feems  as  if  it  could  not 
equal  half  that  immenfe  expanfion 
of  water  which  conftitutes  the  In- 
dian and  Pacific  Oceans.  Philofo- 
phers  have  attempted  by  meafuring 
the  moft  approved  maps,  and  by 
other  ingenious  methods,  to  afeer- 
tain  the  exatt  proportion  between 
the  land  and  fea;  great  precifion 
cannot  reafonably  be  expected  to 
accompany  this  inquiry ; but  when 


we 
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we  learn  from  one,  that  the  fea 

covers  near  three  fourth  parts  *,  and 

from  another,  that  it  covers  four 

fifths  ”j~  of  the  furface  of  the  globe, 

we  may  furely  reft  fatisfied  of  the 

truth  of  the  general  pofition,  that 

there  is  a much  greater  extent  of  fea 

than  of  d'rv  land.  This  immenfe 
* 

mafs  of  fait  water  which  furrounds 
the  globe,,  is  the  great  primary  fource 
from  which  all  frefti  water  is  derived.. 
The  vapour  which  is  inceftantly  ele- 
vated from  thence  by  the  heat  of 
the  fun,  the  adtion  of  the  wind,  and 

other 

* See  Dr.  Long’s  Aftron.  Vol.  T.  p.  i6S» 
f The  feas,  and  unknown  parts  of  the 
earth  ( by  a meafurement  of  the  bell  maps) 
contain  160,522,026  fquare  miles ; the  inha- 
bited parts  38,990,569:  Europe,  4,4.56,065  y 
Alia,  10,768,829:  Africa,  9,564,807;  and 
America,  14,110,874.  Fergufon’s  Tables, 
p.  300. 
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ether  lefs  obvious  caufes,  confifl?, 
generally  fpeaking,  of  frefh  water, 
which  being  difeharged  from  the 
. atmofphere  in  the  form  of  dew,  rain, 
1 hail,  or  fnow,  confitures  fprings, 
rivers,  and  ftagnant  pools.  The 
tafte  of  fea  water  is,  v/e  knov/,  not 
‘Only  fait  but  bitter;  the  common 
} which  occafions  its  faitnefs,  and 
[ the  Epfom  fait , which  occafions  its 
ibitternefs,  can  neither  of  them  be 
rraifed  in  vapour  (in  any  fcnfible 
(proportion)  by  the  fame  gentle  de- 
.gree  of  heat  with  which  water  may  be 
iraifed;  in  order,  therefore,  to  ob- 
tain frefh  water  from  fea  water,  we 
meed  only  copy  the  procefs  of  nature, 
^and  difbil  fea  water  with  a gentle 
iheat.  This  method  of  obtaining 
r frefh  water  from  the  di filiation  of 
fea  water,  was  pradifed  by  Sir  R. 
vol.  ii.  L Hawkins, 
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Hawkins,  in  the  reign  of  Queen 
Elizabeth  : — cc  Although  our  frefh 
water  had  failed  us  many  days,  yet 
with  an  invention  I had  in  my  fhip, 

I eafily  drew  out  of  the  water  of  the 
fea  a fufficient  quantity  of  frefh  wa- 
ter, to  fuftain  my  people,  with  little 
expence  of  fuel;  for  with  four  bil- 
lets, I hilled  a hoglhead  of  water, 
and  therewith  dreffed  meat  for  the 
Tick  and  whole.  The  water  fo  dif- 
tilled  was  found  to  be  wholefome 
and  nourifhing*.” 

Since  the  time  of  Sir  R.  Hawkins, 
a great  variety  of  attempts  have 
been  made  in  our  own,  and  in  other 
countries,  to  procure  frefh  water 
from  fea  water;  they  have  in  general 
been  little  elfe  than  different  modes 
of  diflillation,  but  many  of  the 

authors 

* Purchafs’  Collec,  of  Voy,  B.  vii.  c,  5. 


( l63  ) 

authors  of  them,  either  from  an 
ignorance  of  the  real  nature  of  fea 
water,  or  from  a defign  of  render- 
ing their  procefs  myfterious,  have 
. mixed  different  ingredients  with  the 
'Water  either  before  or  after  its  diftil- 
dation.  The  manner  of  procuring 
frefli  water,  by  the  fimple  di  (filia- 
tion of  fea  water,  ieems  at  prefent 
to  have  attained  a great  degree  of 
iperfeflion,  both  in  France  and  Eng- 
land. M.  de  Bougainville , -in  his 
'Voyage  round  the  World,  has  borne 
honourable  teftimony  to  the  utility 
^of  the  machine  for  diftilling  fea 
water,  which  was  made  public  in 
:I7^3 > by  Poijfonnier , its  inventor. 

ILord  Mulgravej  in  his  voyage  fo- 
rwards the  North  Pole,  in  1773,  has 
done  equal  juftice  to  the  method  of 
obtaining  frelh  water  from  the  fea 

by 
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by  diftillation,  which  was  introduced 
into  the  Englifh  navy,  in  the  year 
1770,  by  Dr.  Irving.  Whether  the 
invention  of  M.  Poififonnier  fug- 
gefted  anyhints  to  Dr.  Irving,  is  bed 
known  to  himfelf ; but  he  has  un- 
quefbionably  added  fuch  improvements 
to  that  method  (to  fay  no  more),  as 
feem  to  have  juftly  intitled  him  to 
the  parliamentary  reward  of  five 
thoufand  pounds,  which  he  has  ob-  ' 
tained.  The  French  are  as  jealous 
of  the  glory  of  their  nation  in  arts 
as  in  arms,  and  the  Englifh,  we 
truft,  will  never  be  their  inferior  in 
either;  it  is  to  this  excefs  of  jealoufy 
we  muft  attribute  the  acerbity,  with 
which  one  of  the  beft  chemifts  of 
the  age  fpeaks  of  Dr.  Irving,  as 
having  deceived  the  Parliament  of 
England,  by  appropriating  to  him- 
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felf  the  difcovery  of  M.  PoifTon.- 
nier*. 

In  order  that  the  reader  may  have 
a clear  notion  of  Dr.  Irving’s  me- 
thod, let  us  fuppofe  a tea-kettle  to 
be  made  without  a fpout,  and  with 
a hole  in  the  lid,  in  the  place  of  the 
knob : then  the  kettle  being  filled 
with  fea  water,  the  frejh  vapour 
which  arifes  from  the  fea  water  as  it 
boils,  wiil  ifTue  out  through  the  hole 
in  the  lid  ; into  that  hole  fit  the 
mouth  of  a tobacco-pipe,  letting  the 
flem  have  a little  inclination  down- 
wards, then  will  the  vapour  of  frefti 
water  take  its  courfe  through  the 
ftem  of  the  tube,  and  may  be  col- 
lected by  fitting  a.  proper  vefTel  to 
its  end.  This  would  be  an  apt  re- 
prefentation  of  Dr.  Irving’s  ccn- 
L 3 tri vanes;: 

* Baume’s  Chy.  Vol.  III.  p.  588. 
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trivance  : he  has  adapted  a tin  tube,, 
of  fuitable  dimensions,  to  the  lid  of 
the  common  kettle  ufed  for  boiling 
the  provifions  on  board  a Ship ; the 
frefh  vapour  which  arifes  from  boil- 
ing fea  water  in  the  kettle  paffes- 
th rough  this  tube  into  a hogffiead, 
which  ferves  as  a receiver;  in  order 
that  the  vapour  may  be  readily  con- 
denfed,  the  tube  is  kept  cool,  by- 
being constantly  wetted  with  a mop 
dipped  in  a tub  of  cold  fea  water. 

It  appeared  from  the  teftimony 
which  was  delivered  to  the  Lords 
of  the  Admiralty,  by  many  refped- 
able  officers  who  were  eye  witneffes 
to  an  experiment,  made  on  board 
the  Arroga?it3  at  Spithead,  in  January 
1771,  that  ft  80  gallons  of  fea  water 
did,  in  twenty-five  minutes,  after 
being  put  into  the  Arrogant’s  cop- 

2 per. 
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per,  and  a fire  made,  diftil  in  the 
proportion  of  twenty- five  gallons 
per  hour,  into  frefh  water,  perfectly 
well  tafled,  an’d  of  lefs  fpecific  gra- 
vity than  the  beft  fpring  water  in 
that  neighbourhood and  the  faid 
ofhcers  gave  it  as  their  opinion,  that 
500  gallons  of  frefh  water  might  be 
diftilled  in  the  fpace  of  24  hours, 
with  the  fame  quantity  of  fuel  in 
proportion  to  the  time,  as  is  required 
in  the  ordinary  bufinefs  of  the  fhip. 
Every  fhip’s  kettle  is  divided  into 
two  parts  by  a partition  in  the 
middle,  one  of  thefe  parts  is  only 
in  ufe  when  peafe  or  oatmeal  are 
dreffed,  but  water  is  at  the  fame 
time  kept  in  the  other  to  preferve 
its  bottom.  Dr.  Irving  has  availed 
himfelfof  this  circumftance,  and  by 
filling  the  fpare  part  of  the  copper 
l 4 with. 
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with  Tea  water,  and  fitting-  on  the 
lid  and  tube,  he  has  fhewn,  that  60 
gallons  of  frefh  water  may  be  drawn 
off,  during  the  boiling  of  either  of 
theabovementioned  provifions,  with- 
out the  ufe  of  any  additional  fuel:' 
he  recommends  alfo  the  preferving 
the  water  which,  may  be  diftilled 
from  the  coppers  in  which  peafe, 
oatmeal,  or  pudding  are  drefting, . 
as  both  a falutary  beverage  for  the 
fcorbutic,  and  the  moft  proper  kind 
of  water  for  boiling  of  fait  provi- 
fions. 

In  November,  177  r,  Lord  Sand * 
wicb  fcnt  me  two  bottles  of  the  bed 
diftilled  water  which  could  be  pre- 
pared by  Dr.  Irving  from  fea  water, 
defiring  my  obfervations  upon  it.  In 
compliance  with  his  Lord  {hip’s  re- 
tjueft,  I made  the  following  experi- 
ments,. 
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mentSj  of  which  I fent  him  an  ac- 
count, without  venturing  to  give  the 
moft  diftant  opinion  concerning  the 
falubrity  or  infalubrity  of  the  water. 
— Exper.  i.  Four  ounces  of  the 
diddled  fea  water  being  evaporated 
by  a flow  fire,  upon  a filver  plate, 
left  a pellicle,  which  was  very  fenfi- 
bly  faline  to  the  tafte,  and  glutinous 
to  the  touch. — i.  Four  ounces  of 
the  conduit  water  of  Trinity  college, 
treated  in  the  fame  manner,  left  a 
pellicle,  but  not  quite  fo  large,  nor 
fo  manifeftly  fapid,  as  that  from  the 
diftilled  fea  water.  — 3,.  The  fame 
quantity  of  common  diftilled  water, 
being  evaporated  in  the  fame  way, 
left  no  fenfible  pellicle.  — 4.  The 
lame  quantity  of  common  diftilled 
water,, impregnated  with  afmall  drop 

of 
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of  fpirit  of  fait,  lefc  no  pellicle  upon 
the  whole  furface  of  the  plate,  bur 
only  a yellowifh  fpot  upon  that  part 
of  it  from  which  the  laft  portion  was 
evaporated  ; this  fpot  was  glutinous 
to  the  touch,  and  had  a bitter  metal- 
line tafte. — 5.  The  fame  quantity  of 
common  diftilled  water,  impregnated 
with  two  grains  of-fea  lalt,  left  a 
pellicle,  fimilar  to  that  left  by  the 
diddled  fea  water,  except  that  it  was 
fomewhat  whiter,  had  a lefs  piquant 
tafte,  and  a lefs  glutinous  confiftency. 
From  the  4th  and  5th  experiments, 
compared  with  the  fir  ft,  it  may  be 
inferred,  that  the  diftilled  fea  water, 
which  I examined,  contained  a fmall 
portion  of  fea  fait,  and  alfo  a fmall 
portion  of  the  acid  of  fea  fait  un- 
combined  with  any  bafts,  A very 

minute' 
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minute  portion  of  fea  fait,  or  of  the 
acid  of  fea  faltr  may  be  difcovered  in 
alarge  quantity  of  water,  by  the  milk- 
inefs  which  enfues  on  dropping  into 
a glafs  full  of  the  water,  a drop  or 
two  of  a fatu rated  folution  of  filver  in 
the  acid  of  nitre. — 6.  I dropped  a fo- 
lution of  filver  in  acid  of  nitre  into 
common  diddled  water*,  no  milkinefs 
enfued,  nor  was  the  tranfparency  of 
the  water  changed. — 7.  Into  an 
equal  quantity  of  the  diddled  fea 
water,  I dropped  an  equal  number 
of  drops  of  the  folution  of  diver;  the 
water  became  very  turbid,  and  a 
copious  white  precipitation  enfued. 
Thefe  experiments  diew,  that  the 
diddled  fea  water  is  not  wholly  free 
from  faline  particles ; but  it  proba- 
bly contains  them  in  fo  fmall  a pro- 
portion* 
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portion,  as  not  to  injure  its  falubrity 
in  any  fenfible  degree. 

We  may  be  the  more  difpofed  to 
admit  the  poflibility  of  diftiiled  fea 
water  containing  faline  particles, 
when  we  reflect  upon  the  fmell  of  the 
acid  of  fea  fait,  which  circulates 
through  the  houfes  in  which  fait  is 
prepared,. by  boiling  either  fea  water 
or  brine.  The  vapour  which  arifes 
from  the  pans  in  which  fait  is  boiled, 
being  caught  and  condenfed  in  pro- 
per vefiels,  and  examined  by  proper 
tefts,  gives  indications  both  of  fea 
fait  in  fubftance,  and  of  its  acid,  it 
is  not  an  eafy  matter  to  afcertain  the 
precife  degree  of  heat,  in  which  fa- 
line  particles  begin  to  accompany 
the  vapour  which  is  raifed  from  folu- 
tions  of  fea  fait ; it  is  probably  a de- 
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:grce  far  inferior  to  that  in  which 
water  boils : at  lead  we  are  certain, 
:that  faline  particles  are  found  in  rain 
and  fnow  water,  both  of  which  are 
derived  from  vapours  raifed  into  the 
. atmofphere  by  the  action  of  the  fun 
'.«pon  the  ocean# 
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OF  CALCAREOUS  EARTH,  CRUDE  AND 
CALCINED. 


HE  word  Calx  has  been  intro- 


duced into  the  Englifh  language 
from  the  Latin;  it  properly  denotes 
the  friable  earth,  to  which  fome  forts 
of  bodies  are  reduced  by  fire ; the 
operation  by  which  they  are  reduced 
to  that  ftate,  is  called  calcination , and 
a very  large  clafs  of  bodies,  from  their 
being  peculiarly  fubjedt  to  be  con- 
verted by  fire  into  a calx,  have  been 


deno- 
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denominated,  by  various  mineralo- 
gies, calcareous  bodies;  the  calx  or 
powdery  earth,  procured  from  cal- 
careous fubftances  by  calcination,  is 
commonly  called  limey  more  philo- 
fophically  quicklime. 

Lead,  iron,  tin,  and  feveral  other 
mineral  fubftances,  may  refpedlively 
be  reduced  by  fire  to  the  ftate  of  a 
calx;  but  the  earths,  obtainable  from 
thefe  fubftances  by  calcination,  not 
poflefting  the  other  general  qualities 
appertaining' to  the  calces  of  calcare- 
ous fubftances,  are  not  called  quick- 
limes, but  calces  of  this  or  that  fub- 
ftance  from  which  they  are  prepared. 

In  Cambridgejhire , and  many  of  the 
fouthern  counties  of  England,  lime 
is  prepared  from  the  calcination  of 
chalky  or,  as  it  is  here  generally  called, 
•clunch.  The  kilns  are  inverted  cones 

funk 
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unk  in  the  earth,  and  lined  with 
?rick;  the  bafe  of  the  cone  is  about 
;en  feet  in  diameter,  and  the  depth 
)f  the  kiln  is  about  fourteen  feet. 

o 

Dne  of  thefe  kilns  will  burn  about 
1 1 50  bufhcls  of  lime  in  twenty-four 
‘lours;  they  ufe  generally  one  bufhel 
: jf  coal  for  every  four  bufhels  of 
ime,  and  in  fumrner,  when  the  chalk 
;s  dry,  they  will  fometimes  get  five 
Mufhels  of  lime,  from  the  confump- 
i ion  of  one  bufhel  of  coal ; but  coal 
">eing  dear,  the  chalk  is  feldom  well 
turned.  In  Wales > IVeftmorelar.d , Ber- 
\ yjhire , and  many  other  counties, 
hey  burn  different  forts  of  limeftone, 

‘ ome  of  them  approaching  tq  the 
1 inenefs  of  marble.  In  Holland , 

‘ vdiere  they  have  neither  chalk  nor 
itmeftone,  they  drag  fifh  JJjells  out  of 
rhe  fea  with  nets  drawn  by  horfes, 
'Vcl.  n.  M and 
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and  burn  the  fhells  into 'lime.  In 
the  iflands  of  the  fouthern  hemifphere 
they  burn  coral  rocks  into  chenam  or 
lime ; and  in  Tome  parts  of  America, 
they  calcine  madrepores , and  other 
fpecies  of  coral  for  the  fame  purpofe. 
Lime  may  alfo  be  prepared  from  the 
calcination  of  all  kinds  of  marble ; of 
various  kinds  of  /par;  of  ftala5iitesy. 
otherwife  called  dropftone,  and  in|i 
Derby  (hire  watricle;  and  of  feverail 
other  fubftances  which  confifl  of  cal- 
careous earth , either  pure , or  mixed 
with  clay  or  fand>  or  other  matters  in 
different  proportions.  In  Chejhire , 
and  other  countries,  where  they  havq 
no  common  materials  for  making  o^ 
lime,  it  would  be  worth  while  to  ex»; 
amine  the  earths  which  may  be  men 
with  upon  the  furface  of  the  groundf 

little  diftance  below  it;  for 

call; 
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:alcareous  fubflances  are  not  always 
united  into  hard  compadt  maffes,  but 
ire  fometimes  found  in  the  form  of 
‘earth,  and  that  of  different  colours. 

Calcareous  fub'jftances  are  in  fome 
countries  calcined  with  pit- coal,  in 
others  with  the  cinder  of  pit-ccal,  in 
others  with  wood,  in  others  with 
Oeat,  in  others  with  furze;  the  kind 
\ >f  fuel  le-ems  to  be  of  no  confe- 
rence, provided  the  degree  of  heat 
oe  the  fame.  Some  forts,  indeed,  of 
oit'Coal  are  apt,  efpecially  when  ufed 
rn  large  quantities,  to  cake  together, 
nd  thus  hindering,  in  fome  meafure, 
;he  equal  diffufion  of  the  heat,  the 
ttone  remains  unburaed.  In  order 
rhat  the  heat  may  penetrate  through 
very  part  of  the  fubftance  to  1 ye 
alcined,  it  is  ufual  to  break  it 
nto  fmall  pieces;  but  if  the  calca- 
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reous  flone  happens  to  bej  naturally 
fhaken  or  fplit  into  layers,  large 
pieces  may  be  calcined,  by  placing 
them  fo  that  the  flame  of  the  fuel 
may,  in  afcending,  find  its  way  be- 
tween the  feveral  layers  of  which  the 
flone  confills.  In  fome  parts  of 
Yorkfhire,  they  burn  pieces  of  this 
fort  of  flone,  a foot  in  thicknefs,  and 
a foot  and  a half,  in  length,  without 
breaking  them ; they  ufe  generally 
eight  dozen  of  coal  to  a kiln,  and 
obtain  twenty-two  dozen  of  lime,  the 
dozen  containing  thirty-fix  bufhels. 

It  is  probable,  that  there  is  a certain 
definite  degree  of  heat,  to  which  any 
particular  kind  of  calcareous  fub- 
fiance  ought  to  be  expofed,  in  order 
to  its  being  converted  into  the  befl 
pofiible  lime.  If  the  heat  be  too 
fmall,  the  whole  of  the  fubfta'nce  will 
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not  be  converted  into  lime : and  on 
the  other  hand,  it  is  poffible,  that 
.the  heat  may  . be  fo  great  as  to  re- 
duce the  fubflanceto  a kind  of  glafly 
i/coria  ; and  whenever  it  becomes  vi- 
trified, it  will  lofe  the  properties  of 
lime.  I am  aware  of  what  is  gene- 
rally faid,  that  calcareous  bodies, 
w'hen  pure,  cannot  be  vitrified  with 
t the  greateft  degree  of  *heat;  but 
; though  the  heat  of  a chemical  fur- 
mace  may  not  be  fufficient  for  the 
:purpofe,  yet  there  is  reafon  to  believe 
that  a fuperior  degree  of  heat  may 
; effect  a kind  of  vitrification;  certain 
it  is,  that  the  lime  burners  are  care- 
rful not  to  give  too  much  heat,  led 
'they  ihould  injure  the  quality  of 
the  lime.  When  the  heat  has  been 
too  violent,  they,  in  many  kilns, 
find  feveral  pieces  of  limefione  co~ 
m 3 vered 
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vered  with  a glafiy  coat,  and  flicking 
together.  I do  not  take  upon  me 
abfolutely  to  fay,  that  this  effect  is 
to  be  afcribed  to  a beginning  vitrifi- 
cation of  the  limeftone  ; it  may  either 
proceed  from  thence,  or  it  may  be 
accounted  for  by  faying,  that  the 
afhes  of  the  fuel  adhering  every  where 
to  the  furface  of  the  calcareous  fub- 
ftance,  have,  m particular  places* 
where  they  happen  to  be  amafTed  in 
fufficient  quantity,  contributed  to 
its  vitrification.  This  vitrification 
of  calcareous  earth,  when  mixed  with 
other  fcib  fiances  is  obvious  enough  in 
the  iron  furnaces,  where  they  are  ac- 
euftomed  to-  mix  limefione  with  the 
iron  ore,  the  Jcoria  or  Jlag  of  an  iron 
furnace  perfectly  refembling  glafs. 

There  is  a very  fingular  experi- 
ment, which  may  be  properly  men- 
tioned 
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boned  in  this  place.  Mix  well  to- 
gether equal  weights  of  powdered 
chalk,  or  other  calcareous  body,  and 
.powdered  pipe  clay,  put  the  mixture 
into  a crucible*.  Any  where  to- 
wards the  middle  of  the  crucible,  put 
;twofolid  pieces,  one  of  pure  chalk, 
r the  ocher  of  pure  clay,  lo  that  they 
: may  not  be  contiguous  to  each  othci , 
but  be  every  where  feverally  fur- 
: rounded  with  the  mixture  of  chalk 
and  clay  ; then  by  expofingthe  whole 
to  a flrong;  degree  of  heat  for  a fufh- 
cient  length  of  time,  it  will  be  found 
that  the  mixture  has  been  converted 

into 

* Crucibles  are  round  or  triangular  veffels  of 
different  dimenfions,  wider  at  the  top  than  at 
the  bottom  ; they  arc  principally  ufed  for  the 
melting  of  metals,  and  are  made  of  clay  and 
fend,  or  of  clay  and  black  lead,  or  of  fuch  other 
materials  as  can  refill;  the  flrongeft  fires  without 
melting. 

M 4 
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into  glafs  ; and  upon  breaking  the 
vitrified  mafs,  we  fhall  difeover  the: 
two  folid  pieces-  of  chalk  and  clay,, 
unvitrified,  and.  unaltered  in  their- 
figure,  though  every  where  furround- 
ed  with  glafs.  Any  other  fort  of 
clay  would  probably  anfvver  the- 
purpofe  as  well  as  pipe-clay,  but  I: 
have  always  made  the  experiment 
with  that,  as  being  one  of  the  purefb 
clays.  From  this  experiment  it  is- 
certain,  that  a mixture  of  calcareous 
earth  and  clay  is  reducible  to  glafs,: 
in  a degree  of  heat  which  is  not  fuf- 
ficient  to  vitrify  either  of  thefe  fub- 
fhnees  when  pure.  The  clay,  of 
which  bricks  and  tiles  are  made,, 
often- contains  a quantity  of  calcare- 
ous earth,  and  hence  we  may  under- 
ftand  the  reafon  why  ordinary  bricks 
and  tiles  are  not  able  to  refill  a o-reat 

D 
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degree  of  heat : a tile  covering  a cru- 
cible is  often  quite  vitrified,,  whilffc 
the  crucible  remains  unaltered,  the 
tile  being  a mixture  of  clay  and  cal- 
careous earth,,  and  the  crucible  being; 
made  of  pure  clay  and  land. 

It  is  well  known,  that  lime  is 
lighter, .bulk  for  bulk,. than  the  chalk' 
or  ftone  from  which  it  is- made,,  fome 
fubftance  therefore  or  other  is  diffi- 
pated  during  the  calcination;  the 
nature  of  this  fubftance  will  be  in- 
quired into  hereafter,,  at  prefent  our 
concern  is  to^  afcertain  irs  quantity. 
The  fubftances  which  I converted 
into  lime,  were  fine  white  marble 
called  ftatuary  marble Sienna  mar- 
ble ; fine  tranfparent  cryftaliized  fpar> 
of  that  fpecies  which  mineralogifts 
have  denominated  hexagonal  trun- 
cated ; rhomboidal  opaque  refra&ing 
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fpar ; rhomboidal  tranfparent  refradb- 
ing  fpar ; all  thefe  fpars  from  Der- 
byfhire  ; a marble,  of  a blueifh  cad, 
called  dove-marble;  purple-veined 
marble;  Clitheroe  limedone  ; Pur- 
beck  done-,  chalk  from  Cherry  Hin- 
ton, near  Cambridge;  Portland  done; 
Ketton  done  from  Rutlandfhire,  de- 
nominated hammites , from  its  being 
eompofed  of  globules  refembling  the 
roes  of  fi  flies.  A common  die  is  a 
little  cube ; if  we  fuppofe  the  length, 
breadth,  and  thicknefs  of  a die,  to 
be  refpedtively  increafed,  till  each  of 
them  becomes  equal  to  an  inch,  foot^ 
yard,  or  mile,  then  will  the  die  be- 
come a cubic  inch,  a cubic  foot,  yard 
or  mile.  The  weight  of  a cubic  foot 
of  water  is  found,  by  experiment,  to 
be  precifely  equal  to  1000  avoirdu- 
pois ounces.  Afluming  then  the 

weight 
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weight  of  a cubic  foot  of  water  to-  be 
i coo  ounces,  by  a method,  fufficient* 
lv  explained  in  books  which  treat  of 
Hydroftatics, I calculated  what  would 
be  the  weight  of  a cubic  l oot  of  each 
of  the  calcareous  fnbftances,  which 
I converted  into  lime. 

Weight  of  a cubic  foot  of 

U'  -v 


Water 

1000 

Purple-veined  marble 

2750 

Sienna  marble 

2729 

Statuary  marble  — . 

2725 

CryRallized  fpar 

2701 

Rhomboidal  opaque  fpar  — 

2700 

Dove-coloured  marble 

2694 

Rhomboid,  tranfparent  fpar 

2693 

Clitheroe  limeRone  — 

2686 

Purbeck  Rone  — 

2680 

Chalk,  near  Cambridge 

2657 

Portland  Rone 

2461 

Ketton  Rone 

2456 

Medium  of  the  1 2 forts 

2661 

It 


Avoirdupois  ounces. 
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It  is  unneeeflary  to  trouble  the 
reader  with  a particular  detail  of 
each  experiment,  in  which  one  or 
other  of  thefe  fubftances  was  con- 
verted into  lime  'r  he  will  judge  it 
fufficient  to  be  informed  of  the 
general  method  of  proceeding,  and 
to  be  made  acquainted  with  the 
general  refult.  The  method  conr- 
fifted  in  feledting  pure  pieces  of  the 
feveral  fubftances,  and  putting  fome- 
tinies  two,  fometimes  three  of  them 
into  a crucible  filled  with  fand ; 
care  was  taken  that  the  pieces  nei- 
ther touched  each  other  nor  the  fide 
of  the  crucible,  the  crucible  wras 
then  expofed  to  a very  ftrong  fire 
for  four  hours : none  of  the  pieces 
weighed  more  than  an  ounce,  fo 
that  the  fire  to  which  they  were  ex- 
pofed, it  is  apprehended,  was  quite 

fuffi- 
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ffufficieat  to  convert  them  into  per- 
f fe<ft  quicklimes ; they  were  all  dry, 
:and  were  weighed  very  accurately 
before  and  after  calcination,  and  in 
the  weighing  after  calcination  great 
care  was  taken  to  free  them  from 
cevery  particle  of  fand,  and  to  weigh 
them  before  they  were  quite  cold. 
The  following  table  comprehends  in 
one  view  the  different  refults  of  the 
feveral  experiments ; the  firfl  column 
mentions  the  different  forts  of  calca- 
reous fubftances  with  which  the  ex- 
periments were  made;  the  feCond 
expreffes  in  hundred  weights,  quar- 
ters, and  pounds,  the  quantity  of 
lime  which  a ton  of  each  refpeclive 
fubflance  would  yield  by  calcina- 
tion ; thefe  numbers  were  derived, 
by  the  rule  of  proportion,  from  the 
fmall  weights  yfed  in  the  experi- 
ments; 
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ments ; the  third  column  exhibits 
the  weight  of  the  matter  .diffipated 
from  each  calcareous  fub dance  dur- 
ing  the  calcination. 


Purple-veined  marble 

C.  q.  lb. 
•ii  i 24 

C.  q.lb, 
82  4 

Purbeck  done  - - 

II  I 2 2 

8 2 61 

-Clitheroe  limedone  - 

II  I 17 

tM 

00 

Dove-coloured  marble 

II  I I3 

8 2 15 

•Chalk 

III  9 

8 2 10 
>. 

Vienna  marble  - 

III  7 

8 2 21 

Portland  ftone  - 

hi  4 

8 2 24 

Ketton  done 

hi  2 

vO 

CM 

CM 

OO 

*« 

Statuary  marble 

111  1 

8 2 27 

Rhomboidal  tranfp.  fpar 

11  1 0 

CO 

-a- 

Rhomboidal  opaque  fpar 

11  0 12 

8 3 16 

Crydallized  fpar 

1 1 0 1 

8 3 27 

Med.  of  lime  from  a ton 
Medium  lofs  of  weight , 
in  a ton  J 

11  1 4| 

S 2 23] 

Having 
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Having  formed  this  table  from 
rmy  own  experiments,  I was  willing 
t to  fee  what  correfpondence  it  bore 
with  the-  experiments  of  others. 
Authors  feldom  exprefs  themfelves 
on  this  fubjedt  with  fufiicient  preci- 
fion;  I have  met,  however,  with 
fome  experiments,  which  feem  to 
have  been  made  with  great  accuracy, 
and  I have  from  them  calculated  the 
following  table  upon  the  fame  prin- 
ciple as  the  preceding.- 


€ouf 
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C.  q.  lb. 

C.q.lhJ 

* •Courcelles  limeftone 

11  2 2 

8 1 ib\ 

J Calcareous  earth  feparat- 
ed  from  Marie 

* 

11  1 23 

8 2 5 

11  Calc,  earth  from  Marie 

1 1 j 20 

8 2 8! 

•f  Chalk 

hi  9 

8219, 

§ Vienna  limeftone 

hi  0 

CO 

OJ 

0^ 

* Courcelles  limeftone 

1 1 0 24 

GO 

OO 

Swedifh  limeftone 

1 1 0 18 

8 3 iot 
8 3 i6i 

Gothland  coral 

1 1 0 1 2 

5T  Fifli  fhells 

1 1 0 6 

3 3 22 

* Courcelles  limeftone 

11  0 1 

8 3 27 

■f  Chalk 

1 1 0 0 

900 

§ Vienna  limeftone 

V 

IO  2 14 

9 1 H 

Med.  of  lime  from  a ton 
Medium  lofs  of  weight  in  > 
a ton  - 5 

11  O 20,^ 

* 3 7 if 

From 


* Paris  is  principally  fupplied  with  lime  from 
the  'Courcelks  limeftone, — the  three  pieces 
here  mentioned  were  burned  in  an  ordinary 
limekiln  for  30 hours.  Mem.  de  l’Acad.  1747, 

p.  6 a. 
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From  the  bare  infpe&ion  of  thefe 

• % 

tables  it  is  obvious,  that  calcareous 
fubftances  of  different  kinds  and 
countries,  do  not  differ  much  from 
each  other  in  the  quantity  of  lime 
‘which  a ton,  or  any  other  definite 
weight  of  them  would  yield  by  cal- 
cination. 

Though  I had  every  reafon  to  be- 
lieve, that  tire  experiments  from 
which  I calculated  the  tables  were 
made  with  as  much  accuracy  as  the 
mature  of  the  fubjedt  would  admit; 

yet 

t Philof.  Tranf.  177$,  p.  161. 

||  Edin.  Eff.  Vol.  III.  p.  16. 

+ Dr.  Black,  to  whom  we  are  indebted 
or  our  knowledge  of  the  conftituent  parts  of 
calcareous  earth.  Edin.  E1T.  VgI.  II. 

$ Prof.  Jacquin’s  Exam.  Chem.  Doc.  Mey, 
Vienna,  1769. 

f Wallerius,  Swed.  Mem.  1760. 

VOL.  II,  N 
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yet  I thought  it  would  add  greatly 
to  their  confirmation,  if  it  could  be 
fhewn,  that  the  quantity  of  lime 
really  procured  from  the  calcination 
of  a ton  of  chalk  or  limeftone,  was 
not  much  different  from  the  medium 
quantity  afcertained  by  the  experi- 
ments. I went,  therefore,  to  one 
of  the  kilns  of  this  country,  where 
they  burn  chalk  into  lime;  and  I 
firft  weighed  four  bufhels  of  chalk, 
which  had  been  dried  by  the  heat 
of  a hotfummer;  the  medium  weight 
of  the  four  bufhels  was  8 6~  pounds: 
I then  weighed  four  bufhels  of  the 
lime,  warm  from  the  kiln,  the  me- 
dium weight  of  which  was  66.1 
pounds.  Calculating,  from  thefe 
numbers,  the  weight  of  lime  which 
a ton  of  chalk  would  yield,  it  will 
be  found  to  amount  to  15c.  iq.  71b. 

* —This 
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— This  quantity  of  lime  being  To 
^different  from  what  I expedited,  I 
■Drought  a piece  of  the  chalk  to  my 
'laboratory.  I then  weighed  it  ac- 
curately, and  found  that  a month 
tfter,  though  the  weather  was  hot, 
t had  neither  gained  nor  loft  weight, 
then  converted  it  into  lime,  and 
t gave  after  the  rate  of  1 1 c.  i q.  i plb. 
hf  lime  from  a ton ; or  3c.  3q.  i61b. 
efs  than  what  the  fame  chalk  when 
urned  in  the  kiln  would  yield.  I 
iake  this  difference,  to  be  wholly 
attributable  to  the  fuperior  degree 
f heat,  with  which  the  chalk  in  my 
experiment  was  burned.  It  is  to  be 
/ilhed  that  more  coal  was  ufed  in  the 
urning  of  lime  in  this  country;  for 
a ton  of  chalk,  when  properly  burn- 
d,  ought  to  weigh  only  about  1 1 hun- 
red  weight,  and  it  does  ordinarily 
n 2 weigh 
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v^eigh  about  15  hundred  weight,  it 
is  obvious  that  the  purchafer  has 
about  4 parts  in  1 5 which  are  not 
lime  but  chalk  ; and  to  this  caufe 
are  to  be  referred  the  hard  lumps,  j 
which  are  found  in  the  lime  of  this  j 
country,  when  it  is  flacked ; thefe 
lumps  being  nothing  but  chalk  which  j 
is  not  burned  into  lime  for  want  of 
a fufficient  fire;  the  expence  alfo  ofl 
carrying  4 tons  of  chalk  in  every  15, 
tons  of  lime,  is  a circumftance  not: 
to  be  negledted. 

At  Pennybridge,  in  LancafhireJ 
they  burn  a hard  limeftone,  a Win- 
chefter  bufhel  of  this  ftone  weighed!; 
1841b.  The  fame  meafure  of  thej| 
lime,  when  juft  burned,  weighed) 
109  lb.  Thefe  numbers  give  1 1 c| 
3 q.  1 1 lb.  of  lime  from  a ton  ofl 
the  ft one. 

The?: 
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' The  lime  burned  at  Clitheroe,  in 
Lancafhire,  is  reckoned  to  be  as  good 
as  any  in  the  kingdom,  when  appli- 
ed either  as  a manure  or  as  a cement: 
a bufhel  up  heaped  of  the  bed  crude 
Hone  weighed  147  pounds,  an  equal 
meafure  of  the  fame  ftone  after  cal- 
cination weighed  71  pounds ; from 
this  proportion  it  follows,  that  the 
Clitheroe  limeftone  would  give  only 
9 c.  2 q.  171b.  of  lime  from  a ton 
of  the  ftone, — this  conclufion  might 
be  rendered  more  certain  if  the  me- 
dium weight  of  leveral  bufhels  was 
taken.  It  may,  however,  be  ex- 
pected that  the  Clitheroe  limeftone 
fhould  lofe  more  weight  than  the 
Cambridgefhire  chalk  does,  for  in 
burning  it  they  ufe  at  lcaft  twice  as 
much  coal,  or  one  meafure  of  coal 
to  two  of  limeftone.  This  propor- 
n 3 tion 
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tion  of  coal  is  a very  great  one.  At 
Knarefborough,  where  they  burn  a 
kind  of  limeflone  formed  by  petre- 
faction,  they  ufe  i bulb  el  of  coal  to 
3 of  lime. 

From  what  has  been  faid,  it  mult 
be  concluded,  that  calcareous  fub- 
ftances  have  a very  great  refemblance 
to  each  other,  as  to  the  quantity  of 
that  matter  which  is  difperfed  from 
equal  weights  of  them  during  calci- 
nation ; and  here  a curious  queftion 
prefents  itfelf,  which  cannot  be  eafily 
decided: — Is  the  difference  in  the 
quantity  of  lime,  procurable ' from 
equal  weights  of  different  calcareous 
fubftances,  to  be  accounted  for, 
from  the  different  proportion  in 
which  the  earth  remaining  after  cal- 
cination is  united,  in  the  crude  fub- 
ftance,with  the  volatile  part  difperfed 
i during 
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during  calcination;  or  does  it  pro- 
ceed from  fome  unavoidable  inaccu- 
racy in  making  the  feveral  experi- 
ments ? — It  mud  be  acknowledged, 
that  it  is  difficult  to  fay  whether  the 
bodies  are  equally  dry  before  they 
are  fubmitted  to  calcination,  unlefs 
we  knew  the  precife  degree  of  force 
with  which  they  imbibed  and  retain- 
ed the  humidity  of  the  atmofphere ; 
it  is  difficult  alfo  to  give  them  ex- 
actly the  fame  degree  of  heat  during 
their  calcination,  and  to  weigh  them 
whilft  they  are  equally  warm  ; the 
greateffi  attention,  moreover,  can- 
not always  prevent  a lofs  of  fome 
part  of  the  fubdance  to  be  weighed, 
nor  a gain  in  weight  from  the  ac- 
cretion of  fome  heterogeneous  mat- 
ter; yet,  notwithdanding  thefe,  and, 
perhaps,  other  fources  of  error  in 
n 4 making 
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making  the  experiments,  I am  rather 
difpofed  to  think,  that  the  propor- 
tion in  which  the  fixed  earth  is  united 
to  the  volatile  fubftance,  is  not  the 
fame  in  all  calcareous  bodies. 

A piece  of  dry  chalk,  and  the 
three  Derbyshire  fpars  were  put  into 
the  fame  crucible,  and  expofed  for 
four  hours  to  the  fame  fire ; it  ap- 
peared, from  the  experiment,  that  a 
ton  of  the  chalk  would  have  given 
36  pounds  more  of  lime  than  a ton 
of  the  fpar  which  gave  the  leaft 
quantity  of  lime,  and  that  the  fpar 
which  gave  the  mod;  lime  from  a 
ton,  exceeds  that  which  gave  the 
leaft  by  27  pounds. 

I made  another  experiment  with 
the  fame  view.  Six  different  calca- 
reous fubftances,  which  had  been 
kept  in  the  fame  room  for  a month, 

or 
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or  more,  were  put  into  the  fame 
crucible,  and  expofed  to  a very  ftrong 
fire  for  24  hours.  I weighed  them 
all  whilfl  they  were  warm,  and  the 
quantities  of  lime  which  a ton  of 
each  would  have  given,  with  that 
degree  of  heat,  are  expreffed  in  the 
following  table : 


* » 

C.  q.  lb. 

Chalk 

11  1 6 

Clitheroe  limeftone 

11  022 

Sienna  marble 

>— 

0 

CO 

Statuary  marble 

10  321 

Rhom.  fpar 

IO  3 2 

Cryflallized  fpar 

10  I 26 

From  this  experiment  it  may  be 
inferred,  that  the  difference  between 
the  quantities  of  lime  earth,  procur- 
able, under  fimilar  circumftances, 
from  a ton  of  chalk,  and  a ton  of 
hard  tranfparent  cryfcallized  fpar, 

is 
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is  92  pounds,  or  near  ^ of  the  whole 
weight. 

Whether  this  difference  be  greater 
than  what  might  arife  from  different: 
fpecimens  of  the  fame  kind  of  cal- 
careous fubftance,  is  more  than  I 
dare  pofitively  affirm.  One  fpec  - 
men  of  the  Courcelles  limeftone,  we 
have  feen,  gave  after  the  rate  of) 
lie.  2 q.  2 lb.  from  a ton  of  the 
crude  ftone ; another  calcined  in  the 
fame  kiln  gave  only  11  c.  oq.  1 lb. 
irom  a ton,  the  difference  is  57 
pounds,  or  about  of  the  whole 
weight.  Different  pieces  broken 
even  from  the  fame  lump  of  chalk, 
limeftone,  marble,  and  almoft  every, 
other  calcareous  fubftance,  feldom 
confift  of  precifely  the  fame  mate- 
rials ; this  is  obvioufly  feen  in  build- 
ings and  pavements,  made  either 

with 
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with  marble,  Ketton,  or  Portland 
frone ; there  may  generally  be  ob- 
; ferved  hard  knobs,  which  do  not 
wear  away  fo  fad  as  the  other  parts 
of  the  done  ; and  thofe  who  are  ac- 
cuftomed  to  faw  any  of  thefe  fub- 
dances  are  fully  fenfible  of  this 
diverfity  of  dructure  in  the  fame 
block  of  done,  from  the  greater 
difficulty  of  cutting  fome  parts  of  it 
than  others.  I broke  the  fame  fmall 
lump  of  chalk  into  four  different 
pieces,  and  calcined  them  for  dif- 
ferent lengths  of  time,  with  a view 
of  feeing  whether  there  was  not  fome 
regular  proportion  with  refpedt  to 
the  time  according  to  which  the 
quantity  of  lime  procurable  from 
chalk  would  vary.  I broke  alfo  the 
fame  lump  of  Clitheroe  limedone 
into  four  fmall  pieces,  and  calcined 

them 
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them  for  different  lengths  of  time: 
with,  the  fame  intention  ; the  refult) 
of  the  experiments  is  expreffed  ini 
the  annexed  table. 


Chalk  calcined  4 hours 
7 hours 
10  hours 
24  hours 


Lime 

from  a 

ton  of 

n 1 

2 1 

1 1 2 

18 

1 1 2 

14 

1 1 1 

6 

Clitheroe  limeflone  calc.  4 hours 

7 hours 
10  hours 
24  hours 


•11  1 1 7 

11  o 1 
n 19 
11  022 


The  reader  will  perceive  that  thefe 
experiments  did  not  anfwer  my  in- 
tention in  making  them,  fince  there: 
does  not  appear  to  be  any  regular 
decreafe  of  lime  with  the  increafe  of 
the  time  of  calcination  ; but  they 
probably  point  out  to  us  a difference 


m 
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in  the  compofition  of  the  different 
fpecirnens  and,  indeed,  in  the  chalk 

■ •which  was  burned  for  7,  as  well  as  in 
that  which  was  burned  for  10  hours, 

I could  difcern,  after  calcination, 
fome  fmall  fpecks  of  iron  which  were 
wholly  invifible  before  calcination. 

Mr.  Whitehurft  * h as  favoured  the 
world  with  fome  very  interefting  ob- 
; fervations,  concerning  the  Jirata  in 
Derbyfhire  ; the  following  is  his  ac- 
count of  their  refpedtive  thicknefTes, 

. and  of  the  order  in  which  they  fuc- 
< ceed  one  another  j No.  1.  denoting 
the  uppermofl  ftratum. 

* See  his  Appendix  to  the  Inquiry  into  the 

■ State  of  the  Earth. 


1.  Grit 
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».  Grit 

120  yards 

2.  Shale 

120 

3.  Limeftone 

5° 

4.  Toadftone 

16 

5.  LimeftoHe 

5° 

6.  Toadftone 

46 

7.  Limeftone 

60 

8.  Toadftone 

22 

9.  Limeftone  not  cut  through, 

Thefe  feveral  ftrata  of  limeftone, 
are  each  of  them  divided  into  layers, 
which  have  very  different  appear- 
ances. Thus  No.  3.  which  is  5<oyards 
in  tnicknefs,  may  be  confidered  as 
confifting  of  5 diftincft  layers.  The 
1 ft  layer,  which  is  contiguous  to  the 
fhale,  is  the  black  Derbyfhire  mar- 
ble; the  2d  is  called  by  the  miners, 
fnail  horn  marble,  from  its  abound- 
ing  with  fcrew-ftones,  and  fifh  ftiells; 
the  3d  is  a compact  grey  limeftone, 
with  feveral  large  cryftalline  fpecks 
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nit,  but  with  few  fhells;  the  4th 
tas  rather  lefs  fpecks,  and  is  whiter 
han  the  3d  ; the  5th  layer,  which 
ies  immediately  over  the  toadftone, 
s likewife  a grey  limeftone.  I ex- 
mined  the  relative  weights  of  the 
olack  marble,  and  of  the  fecond,  third 
nd  fourth  layers  of  the  ftratum,  No. 
!•;.  with  great  attention,  and  alfo  the 
quantities  of  lime  which  a ton  of  each 
^ould  yield;  the  feveral  fpecimens 
t vere  calcined  in  the  fame  crucible, 

: or  the  fame  length  of  time, 
f /eight  of  a cubic  foot  Weight  of  lime  from 
of  the  crude  ft  one.  a ton. 


Ounces. 

C.  q, lb. 

Layer  1. 

- 2690 

11  2 7 

2. 

- 2685 

11  1 7 

3- 

- 2640 

O 

M 

b-i 

4- 

1 

O' 

In 

O 

II  I 4 

Medium 

2666 

1 1 i 81 

It 
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It  appears  from  thefe  experiments,* 
that  thefe  4 layers  of  the  fame  dra- 
turn  of  limeftone,  do  not  lie  in  the 
earth  according  to  their  weights,  the 
uppermoft  layer  being  the  heavied* 
and  the  third  layer  being  lighter  than) 
that  either  immediately  above  or  be- 
low it.  The  quantity  of  lime,  which* 
a ton  of  each  would  yield-,  feemsi 
to  have  .fome  dependence  on  theii| 
weights  j the  heavied  layer  yielding 
the  moil,  and  the  lighted  layer  yield- 
ing the  lead  lime  from  the  fame 
weight  of  done 

I have 

* This  obfervationis  not  true,  I think,  conj 
cerning  calcareous  fubftances  in  general,  for  a 
piece  of  Derbyfhire  watricle,  which  was  3Q 
ounces  in  a cubic  foot  heavier  than  the  Derby* 
fliire  black  marble,  being  calcined  in  the  fame! 
crucible  with  the  marble,  gave  only  11  c.  oqv 
11  lb.  of  lime,  which  is  52  pounds  in  a ton  lefl 
than  the  marble  gave. 
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I have  now  given  an  account  of 
. 2 experiments  made  by  other  au- 
thors, and  of  32  made  by  myfelf,  on 
alcareous  fubftances  of  different 
:inds  and  countries,  the  medium 
quantity  of  lime  procurable  from  a 
ion  of  thefe  fubftances,  will  be  found 
[o  amount  to  ric.  oq.  25 lb.  and 
t onfequently  the  medium  lofs  of 
weight  will  be  8 c.  3q.  3 lb. 

When  compaft  maffes  of  any  fort 
i lime  are  expofed  to  the  air,  even 
• 1 a room  flickered  from  rain  or  dew, 
ney  foon  begin  to  crack,  and  in  no 
-reat  length  of  time  they  fall  into  a 
owder,  and  receive  a confiderable 
: i create  of  weight.  The  time  requi- 
te for  effcdting  this  change,  depends 
-inch  u:)on  the  quantity  of  the  fur- 
ice  of  the  lime,  which  is  expofed  to 
air,  partly,  I believe,  but  I am 
'vol.  n.  O 


not 
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not  certain,  upon  the  degree  of  hu- 
midity reigning  in  the  atmofphere,, 
and  partly  upon  the  nature  of  the 
body.  A piece  of  ftatuary  marble: 
was  converted  into  lime  on  the  ioth. 
of  Feb.  1779;  before  its  calcination; 
it  weighed  540  grains,  after  calcina- 
tion and  whilft  it  was  yet  warm  from 
the  fire,  it  weighed  304  grains;  this 
lafh  quantity  was  laid  upon  a piece  of 
clean  paper,  put  into  a drawer  of  my* 
ftudy  table,  and  weighed  at  differ- 
ent intervals,  till  it  had  acquired  its. 
utmoft  increafe  of  weight,  which  it: 
attained  on  the  4th  of  March,  it  then» 
weighing  515  grains.  I weighed, 
this  lime  for  two  months  afterwards, 
at  different  times,  but  itftill  weigh- 
ed the  fame.  Another  quantity  of 
lime  from  ftatuary  marble,  was  ex- 
amined in  the  fame  way,  and  it  ac- 
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quired  its  greatefl:  increafe  of  weight 
i in  twenty-two  days.  It  did  not 
! feem  to  me,  that  any  other  kind  of 
c calcareous  fubftance,  when  reduced 
to  lime  and  expofed  to  the  air,  ac- 
quired its  greatefl:  increafe  of  weight 
fo  fpeedily  as  ftatuary  marble  j I 
make  thisobfervation  with  diffidence, 
:for  I have  neither  tried  all  the  forts 
cof  calcareous  fubftances,  nor  any  of 
ahem  under  precifcly  the  fame  cir- 
ccumftances.  There  is  far  greater 
t trouble  in  making  experiments,  than 
ahofe,  who  have  not  been  accuftom- 
ad  to  the  bufinefs,  can  readily  con- 
ceive; many  niceties  are  to  be  at" 

■ tended  to,  the  lead  of  which  being 
omitted,  the  conclufion  becomes 
^doubtful;  the  mind,  moreover,  hay- 
ing once  acquired  the  linking  out- 
lines of  knowledge,  has  not  always 
o .2  patience 
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patience  to  attempt  the  filling  up  the 
minuter  part  of  the  defign,efpecially 
if  its  attention  can  be  but  acciden- 
tally employed  upon  the  fubjedh 
"Whoever  undertakes  to  afcertain 
the  time  in  which  lime,  prepared 
from  different  fubftances,  acquires 
its  greateft  increafe  of  weight  by 
expofure  to  the  air,  would  do  well 
to  take  equal  quantities  of  the  limes, 
whilft  warm  from  the  fire  in  which 
they  were  made,  to  reduce  them  im- 
mediately to  powders  equally  fine, 
to  expofe  the  powders  to  the  air,  in 
a room  free  from  duff,  and  to  weigh 
them  at  dated  intervals.  Or  the 
experiment  may  be  varied  by  taking, 
inftead  of  powders,  equal  in  weight 
and  finenefs,  folid  pieces  equal  in 
bulk  and  furface,  fuppofe  a cubic 

inch  of  each  fort,  and  I queftion  not 

but 
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but  fome  interefting  conclufions,  re- 
lative to  the:  attractive  powers  of  the 
different  fubftances,  might  be  de- 
rived from  experiments  of  this  fort, 
carefully  and  repeatedly  made. 

The  powders  into  which-the  limes 
of  different  fubftances  are  refolved  by 
expofure  to  the  air,  have  not  all  the 
fame  appearance;  thofe  of  ftatuary 
marble,  dove  marble,  Portland  ftone, 
Ketton  ftone,  and,  probably,  leveral 
other  forts,  are  compofed  of  little 
globules  vifible  to  the  naked  eye; 
whilft  thofe  of  chalk,. Sienna  marble, 
and  fpar,  have  no  appearance  of  glo- 
bules, nor  do  they  feel  fo  harfti  and 
gritty  to  the  touch,  as  the  others  do. 
The  whiteftof  all  the  limes,  which. I 
have  ever  feen,  is  that  which  may  be 
obtained  from  the  cryftallized  fpar 
before  mentioned;  ftatuary  marble, 
o 3 and 
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and  Portland  done,  give  very  white 
limes,  but  they  are  many  degrees  lefs 
white,  than  that  from  crydallized 
fpar.  The  limes  from  Sienna  mar- 
ble, chalk,  rhomboidal  fpar,  and 
Ketton  done,  have  a yellowifh  cad. 

Several  experiments  were  made  in 
order  to  afcertain  the  utmod  increafe 
of  weight,  which  different  forts  of 
lime  can  acquire  by  expofure  to  the 
air.  The  limes  were  all  loofely 
folded  up  in  clean  paper,  laid  in  the 
clofet  of  a room  where  there  was  a 
condant  fire,  and  weighed  at  different 
intervals,  till  they  had  acquired  their 
greated  increafe  of  weight,  which 
fome  of  them  did  not  do  in  lefs  than 
three  quarters  of  a year.  The  gene- 
ral refult  of  the  experiments  is  ex- 
preffed  in  the  following  table;  where 
the  fird  column  contains  the  names 

of 
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of  the  fubftances,  from  which  the 
limes  were  prepared,  the  fecond  ex- 
preftes  the  height  to  which  a ton  of 
each  fort  of  lime  would  increafe  by 
expofure  to  the  air,  and  the  third 
Ihews  the  quantity  of  the  increafe  in 
a ton. 


Sienna  marble  - - 

C.  q.  lb. 
35  O 12 

C.  q.  lb. 
15012 

Dove  marble  - 

35°  9 

15  0 9 

Portland  ftone  - - 

34  3 21 

14  3 21 

Statuary  marble 

34  2 o 

14  2 0 

Rhomboid,  tranf.  fpar 

34  ° 16 

14  0 16 

Purbeck  ftone  - - 

34  0 8 

*4  0 3 

Cryftallized  fpar  - 

33  1 i5 

13  I 2$ 

Rhomb,  opaque  fpar 

32  1 21 

12  1 21 

Clitheroe  limeftone 

32  1 is 

12  1 15 

Ketton  ftone  - - 

3i  3 13 

11  3 13 

Chalk  - - - 

30  2 9 

10  2 9 

Hence  it  is  evident*  that  the  great- 
eft  increafe  of  weight  which  a ton  of 
o 4 lime* 
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lime,  of  the  feveral  forts  here  men- 
tioned would  acquire  by  expofure: 
to  the  air,  amounts  to  rather  more 
than  three  quarters  of  a ten,  and  the 
lead  amounts  to  above  half  a ton.. 
This  obfervation  is  worthy  of  notice 
in  a practical  view;  lime  isfometimes; 
fold  by  weight,  and  it  is  obvious, 
that  the  feller  will  be  a very  confi- 
derable  gainer,  if,  after  having  drawn- 
his  kiln,  he  lets  his  lime  remain  ex- 
pofed  to  the  air  for  a few  days  before 
it  is  fold.  I have  frequently  obferved 
pieces  of  new- burned  lime,  daily  in- 
creafing  at  the  rate  of  one  hundred 
weight  per  ton,  for  the  firfi:  five  or 
fix  days.  The  farmer  too,  in  liming 
his  land,  fhould  contrive  to  carry 
out  his  lime  as  foon  as  pofiible  after 
it  is  burned,,  he  may  otherwife  for 

every 

a 


i 
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every  ton,  have  the  trouble  of  c any- 
ing  a ton  and  a half,  or  more. 

Lime  which  has  once  acquired  its 
greateft  increafe  of  weight,  does  not 
lofe  any  part  of  what  it  has  acquired 
by  fubfequent  expofure  to  the  air* 
even  during  the  heat  of  fummer* 
Several  forts  of  lime,  which  I ap- 
prehended had  gained  their  greateft 
increafe  of  weight  in  April  and  May 
I77 9>  were  weighed  at  different 
times  during  the  fummer  of  the 
fame  year  which'  was  frequently 
very  hot,  but  I did  not  obferve  that 
any  one  of  them  was  diminifhed  in 
weight  by  the  adtion  of  the  heat: 
let  the  matter,  therefore,  which  is 
attra&ed  by  the  lime  from  the  air 
be  what  it  may,  it  is  a permanent 
fubftance,  and  not  fubje£t  to  evapo- 
ration during  fummer.  Hence  it 


can- 
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cannot  be  doubted,  that  the  foil 
upon  which  lime  is  fpread  acquires 
a great  increafe  of  matter;  every  ton 
oflime  attracts  above  half  a ton  of 
fome  fort  of  matter  or  other  from 
the  air,  and  adds  it  to  the  earth; 
now  this  matter  would  not  have  be- 
come united  with  the  earth  without 
the  intervention  of  lime  : but  whe- 
ther any  part  of  the  advantage  of 
liming,  where  the  foil  is  bad  or 
fcanty,  may  be  attributed  to  this 
increafe  of  the  quantity  of  matter 
which  is  derived  from  the  air  to  the 
earth,  is  a queltion  which  I have 
not  (kill  enough  in  agriculture  to 
decide. 

I have  been  told  by  a gentleman 
of  fortune  in  Derbylhire,  that  he 
has  frequently,  with  great  fuccefs, 
fpread  1000  Winchefler  buihels  of 

lime 
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lime  upon  an  acre  of  ground  : let  us 
ifuppofe  a Winchefter  bufhel  of  Der- 
; byfliire  lime  to  weigh  ioo  pounds, 
.then  will  1000  bulhels  weigh  iooooo 
pounds,  or  above  44  tons ; and  fup- 
;pofing  one  ton  of  fuch  lime  to  gain 
only  14  hundred  weight  by  expo- 
fure  to  the  air,  then  will  the  whole 
acre  receive  an  increafe  of  foil,  from 
the  lime  which  is  fpread  upon  it, 
equal  to  above  30  tons  in  weight 
beyond  the  weight  of  the  lime. 

Having  eftimated  the  lofs  of 
weight  fuftained  by  different  calca- 
reous fubftances  during  their  calci- 
nation, and  alfo  the  gain  of  weight 
which  the  limes  procured  from  thefe 
fubftances  acquire  by  expofure  to 
the  air,  it  is  natural  to  inquire 
whether  the  gain  is  equal  to  the  lofs. 
Upon  the  6th  of  March  1 converted 
'i  into 
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into  lime  204  grains  of  dove  marble';, 
the  lime  weighed  whilft  hot,  116 
grains;  upon  the  5th  of  the  follow- 
ing November  the  lime  weighed 
2°3z  grains.  This  lime  was  fre- 
quently weighed  from  March  to 
November,  and  if  it  ftiould  be  fup- 
pofed  that  half  a grain  was  infenfibly 
loft  by  frequent  weighing,  then  we 
muft  conclude  that  this  kind  of  lime 
gains  by  expofure  to  the  air,  juft  as 
much  as  the  marble  it  is  prepared 
from  lofes  by  calcination.  Upon  a 
repetition  of  this  experiment  with 
another  fpecimen  of  the  dove-marble 
lime,  I found  the  refult  to  be,  as 
accurately  as  can  be  expected,  the 
fame.  If  we  make  no  allowance  for 
any  lofs  of  weight  by  repeated  weigh- 
ings, then  the  increafe  of  weight  by 
expofure  to  the  air  muft  be  efteemed 

lefs 
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■fcls  than  the  lofs  of  weight  by  calci- 
nation, by  about  one  four  hun- 
dredth part  of  the  weight  of  the 
marble. 

Some  dry  chalk,  weighing  120 

■ lit  n 

grains,  was  reduced  by  calcination 
to  68  grains  of  lime  3 this  quantity 
of  lime  became,  by  expofure  to  the 
air,  when  it  had  acquired  its  utmoft 
increafe  of  weight,  104  grains ; that 
is,  it  wanted  16  parts  in  120,  or  be- 
tween one  feventh  and  one  eighth 
of  the  original  weight  of  the  chalk. 

The  dove  marble  and  the  chalk 
are  the  two  extremes  of  all  the  fub- 
Itanees  I have  tried no  kind  of 
lime  regained  fo  much  weight  as  that 
from  dove  marble,  and  none  fo  little 
as  that  from  chalk.  Philofophy 
may  be  well  employed  in  accounting 
for  this  diverfityj  I am  only  in- 

terefted 
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terefted  at  prefent  in  eftabli filing  the; 
faCt,  which  feems  not  to  have  been 
fufficiently  underftood  by  chemifts 
of  defervedly  great  eminence.  M. 
Macquerfays  “quicklime  combines 
with  the  moifture  of  the  air  which 
it  feems  capable  of  attracting,  by  the 
moifture  thus  attracted,  the  weight 
of  the  quicklime  is  doubled*.”  M. 
Baume  weighed  fome  lime  very  ac- 
curately, and  though  he  kept  it  in 

a cellar 

* Chem.  Di&.  by  M.,  Macquer,  artic. 
•Qtiicklime  in  the  Englifh  tranflation  : — The 
■original  of  this  work  is  excellent  in  its  kind, 
and  it  is  greatly  improved  by  the  very  judici- 
ous notes  of  the  tranflator.  In  juftice  to  M. 
U^acquer,  it  ought  to  be  obferved,  that  in  the 
fecond  Englilh  Edition  of  his  DiiEfioriary,  the 
paflage  quoted  in  the  text  is  greatly  altered, 
there  is  no  mention  made  of  the  moifture  of  the 
air,  and  the  quicklime  is  only  faid  to  recover  a 
great  part  of  its  original  weight,  by  expofure  to 
the  air.  ' 
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a cellar  for  feveral  years,  yet  it  never 
regained  the  weight  of  the  calcare- 
ous earth,  from  which  it  had  been 
.prepared;  there  was  always  a defici- 
ency of  more  than  two  ounces  in  a 
pound*. 

I do  not  queftion  the  veracity  of 
either  of  thefe  gentlemen,  or  their  ac- 
ouracy  in  making  their  experiments; 
-but  the  properties  of  the  particular 
limes  which  they  examined  fhould 
not  have  been  given  as  charadteriftic 
properties  of  limes  in  general.  No 
lime  that  I ever  tried  was  doubled 
in  weight  by  attra<5ting  matter  (be 
it  moifture  or  other  matter)  from 
the  air,  yet  if  a limeftone  could  be 
found,  which  is  not  impoflible,  that 
loft  half  its  weight  by  calcination*  a 
fpecimen  of  lime  from  fuch  a lime- 
ftone 

* Chymie  par  M,  Baumc,  Vol,  I.  p.  177 . 
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ftone  might,  perhaps,  be  doubled  in 
its  weight.  On  the  other  hand,  I 
only  met  with  one  fort  of  lime,  that 

from  chalk,  which  in  its  increafe 

> 

feemed  to  fall  fo  far  fhort  of  the 
original  weight  of  the  fubftance  from 
which  it  was  made,  as  to  want  more 
than  two  ounces  in  a pound,  or  be- 
tween one  feventh  and  one  eighth 
of  the  whole  weight.  My  experi- 
ment in  this  particular  inftance,  fuf- 
ficiently  coincides  with  the  too  gene- 
ral obfervation  of  M.  Baume. 

The  chalk  or  clunch  of  this  coun- 
try is  not  a pure  calcareous  earth, 
it  contains  a portion  of  fandj  and 
hence,  when  a definite  weight  of  this 
chalk  lime  is  expofed  to  the  air,  it 
cannot  acquire  as  much  increafe  of 
weight,  as  the  fame  quantity  of 
purer  lime  would  do:  for  the  fand, 

which 
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which  is  mixed  with  the  lime*  is  of 
a very  different  nature  from  the  lime, 
and  does  not  attratt  any  thing  from 
the  air.  This  obfervation  may  be 
extended  to  different  forts  of  lime- 
done,  and  it  may  fugged  one  reafon 
for  the  diverfity,  in  the  drength  of 
different  forts  of  lime,  when  ufed 
either  in  building  or  in  agriculture. 

The  table  in  which  the  increafe 
of  weight  acquired  by  different  forts 
of  lime,  in  confequence  of  their  expo- 
fure  to  the  air,  is  expreffed,  was  made 
with  great  accuracy  j yet  is  it  not  to 
be  confidered  as  univerfally  true,  even 
of  the  fubdances  there  mentioned  : 
for  there  is  great  reafon  to  believe, 
that  the  quantity  of  matter,  which 
the  fame  fort  of  lime  can  attract 
from  the  air,  depends  very  much 
upon  the  degree  of  heat  with  which 
vol.  ir.  P the 
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the  lime  has  been  burned;  there  is 
a certain  definite  degree  of  heat  re- 
quifite  to  make  the  lime  attract  the 
greateft  poffible  quantity  >from  the 
air.  When  the  heat  is  not  fufficient 
to  convert  the  whole  of  the  fubftance 
into  lime,  then  that  part  which  is 
not  changed  into  lime,  will  not  con- 
tribute any  thing  to  the  increafe  of 
the  weight  of  the  lime  when  ex- 
pofed  to  the  air,  inafmuch  as  it 
poffeffes  no  quality  of  attracting 
any  thing  from  the  air.  And,  I be- 
lieve, the  obfervation  is  equally  true, 
■when  the  heat  has  been  more  than 
fufficient  to  convert  the  whole  of  the 
fubftance  into  lime.  It  has  been 
before  mentioned,  that  fix  different 
calcareous  fubftances  were  changed 
into  lime,  by  being  expofed  to  a 
very  fierce  fire  for  24  hours:  this 


ex- 
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experiment  was  made  in  November, 
1779;  I have  frequently  weighed 
the  limes  fince  that  time ; they  have 
all  of  them  acquired  their  greatefi 
■increafe  of  weight;  for  on  weighing 
:hem  in  January,  1781,  I found  that 
hey  had  not  gained  any  increafe  of 
weight  in  an  interval  ofchree  months. 
The  following  table  exprefie^,  da 
he  fecond  column,  the  increafe  of 
veight  which  a ton  of  thefe  fub- 
tances  would  have  gained,  and  the 
bird  cplumn  exprefies  the  increafe 
'hich  a ton  of  the  fame  fubftances 
•’ould  have  gained,  had  they  been 
idy  expofed  to  the  fame  fire  for  4 
:ours. 


p 2 
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• 

C.  q.  lb. 

C.  q.  lb. 

Sienna  marble 

8115 

15  0 12 

Rhomb,  fpar 

8 1 5 

14  016 

Statuary  marble 

800 

14  2 0 

Chalk 

7 1 x3 

10  2 9 

Clitheroe  limeftone  - 

62  g 

12  115 

Cry  Utilized  fpar 

60  0 

*3  1 25 

Thefe  experiments  clearly  prove 
tlie  great  utility  of  burning  lime 
with  a definite  heat,  for  the  excel- 
lency of  lime,  to  whatever  purpofe 
it  be  applied,  depends,  probably, 
upon  its  difpofition  to  attract  that 
matter  from  the  air,  which  it  has 
loft  by  calcination ; and  we  fee  that 
none  of  the  limes,  which  were  burn- 
ed for  24  hours,  attracted  fo  much 
from  the  air,  as  thofe  did  which 
had  been  more  moderately  burned ; 
the  difference  is  very  confiderable 
in  all  the  inftances,  Would  not  a 

greater 
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greater  degree  of  heat  have  flill  far- 
ther deprived  lime  of  its  property  of 
attracting  matter  from  the  air,  and 
thus  have  made  it  approach  nearer 
to  the  nature  of  glafs  ? 

We  have  feen  how  greatly  calca- 
reous fub  fiances  are  diminifhed  in 
weight  by  being  calcined, — do  they 
receive  anv  alteration  of  bulk  dur- 
ing  that  operation  ? Having  propofed 
this  queflion  to  various  lime-burners, 
in  different  parts  of  the  kingdom,  I 
found  fome.were  of  opinion  that  the 
chalk  or  hone  fwelled  a little,  others 
that  it  fhrunk  a little  during  calci- 
nation, and  a third  fet  thought  that 
it  underwent  no  fort  of  alteration  : 
the  moft  obvious  inference  from 
thefe  different  accounts  feems  to  be, 
that  calcareous  fubhances  do  in  this 
particular  differ  from  each  other. 

v 3 I took 
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I took  a piece  of  blackifh  marble 
four  inches  in  length,  half  an  inch 
broad,  and  one  quarter  of  an  inch 
thick,  and  having  placed,  it  in  a 
proper  veflel,  and  covered  it  with 
fand,  it  was  expofed  to  a very  fierce 
fire  for  three  hours;  the  marble 
thereby  became  perfectly  white  and 
friable  as  calcined  bones,  but  I 
could  not  obferve  that  it  had  under- 

* » xV 

gone  the  leaft  change  in  any  of  its 
cii  men  lions. 

I cut  a piece  of  chalk  till  it  was 
an  inch  in  length,  half  an  inch  in 
breadth,  and  as  much  in  thicknefs ; 
after  it  was  calcined,  its  dimensions 
were  not  fenfibly  altered. 

A piec^  of  rhomboidal  fpar  from 
Derbyfhire,  and  a piece  of  white 
marble,  were  feverally  meafured 

before 
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before  and  after  calcination*  but? 
no  difference  could  be  obferved 
in  the  dimeftfions  of  either  of 
them. 

I thought  the  length  of  a piece  of 
Sienna  marble,  in  one  experiment,, 
was  diminifhed  about  one  fiftieth 
part  by  calcination,  but  I was  pro- 
bably miftaken  ; for  in  another  piece,, 
above  two  inches  in  length,  I took, 
with  a pair  of  compaffes,  the  dif- 
tance  between  two  points  upon  its 
furface  before  calcination,  and  found 
that  diftance  precifely  the  fame  after  , 
calcination. 

A piece  of  Clitheroe  limeftone, 
which  had  been  calcined'  for  four 
hours,  appeared  to  be  diminifhed  in 
length  one  part  in  twelve ; another 
piece  which  had  been  calcined  ten 
hours-,,  was  unaltered  in  length,  and 
p 4 thick- 
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thicknefs ; and  fo  was  a piece  which 
had  been  calcined  24  hours. 

I took  a piece  of  chalk,  which 
had  been  dried  by  the  fun  and  air, 
and  having  fliaped  it  into  a fquare, 
each  fide  of  which  was  four  inches* 
the  thicknefs  being  two  inches,  I 
put  it  into  a lime-kiln;  it  was  kept 
there  as  long  as  chalk  which  is 
burned  into  lime  ufually  is;  when 
it  came  out  of  the  kiln,  I compared 
it  with  the  ftandards  of  its  feveral 
dimenfions,  which  had  been  accu- 
rately taken  before  calcination,  and 
could  not  difcover  that  it  had  buffer- 
ed the  lead  change  either  in  length, 
breadth,  or  thicknefs.  This  expe- 
riment was  repeated  with  wet  chalk, 
but  neither  was  this  altered  in-  its 
dimenfions  by  calcination.  Laffly, 
I took  a fiat  piece  of  chalk,  about 

one 
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.one  fourth  of  an  Inch  in  tbicknefsy 
and  calcined  it  for  24  hours;  the 
length  of  this  chalk  was  three  inches, 
and  it  was  diminifhed  by  calcination 
one  tenth  of  its  length. 

The  reader  is  poffeffedof  all  I know 
from  my  own  experiments  upon  the 
fubjedt;  but  I will  not  conceal  from 
him  the  opinion  of  M.  Baume,  who 
efteems  the  diminution  of  the  bulk 
of  calcareous  fubftances  during  cal- 
cination, as  one  of  their  moft  diftin- 
guilhing  properties.  He  does  not, 
indeed,  mention  any  experiments 
which  he  had  expreffiy  made,  with  a 
view  of  deciding  the  queftion,  but  I 
cannot  fuppofe,  that  fo  able  a chemifl 
would  fpeak  from  conjedlure,  when 
he  affirms,  that  calcareous  fubftances 
are  fometimes  diminifhed  half  their. 

bulk 
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bulk  during  calcination  *;  and  there- 
fore  I Ihould  apprehend,  that  the 
calcareous  fubkances,.  which  he  ufed, 
were  different  from  any  of  thefe  on 
which  I made  my  experiments.  Be 
this  as  k may,  his  conclufion  is,  if  at 

all,  certainly  not  generally  to  be  ad- 
mitted. 

The  experiments,  by  which  the 
nature  of  any  particular  fort  of  earth 
is  chemically  inveftigated,  are  prin- 
cipally of  two  kinds ; one  confiks  in 
obferving  its  folubility  or  infolubility 
in  different  menkruums,  the  other  in 

noticing 

Le  feeond  pheuomene  que  la  terre  cal- 
caire  prefente  apres  fa  calcination,  eft  fa  di- 
minution, de  volume—, — la  retraite  de  ces  par- 
ties, pendant  leur  calcination,  eft  quelque  fois 
f grande,  qidelle  va  jufqu’  a la  moitii  de  leur 
volume.  Chym.  par  M.  Baunie,  Voh  I.  p. 

1 82. 
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noticing  the  changes  produced  in  it 
by  the  adtion  of  various  degrees  of 
:heat.  We  may  form  a general  idea 
of  the  operation  of  fire  upon  calca- 
reous fubflances,  from  the  experi- 
ments which  have  been  before  relat- 
ed; I did  not  fpare  either  time  or 
labour,  nor  was  I fenfible  of  any  want 
of  care  in  making  them  ; yet  I can- 
mot  help  apprehending,  that  a nume- 
rous repetition  of  fimilar  experiments 
•might  lead  to  fome  general  conclu- 
{ lions,  which  have  efcaped  my  obfer- 
• vation.  The  following  experiments 
can  hardly  fail  of  being  acceptable 
: to  the  reader,  as  they  tend  greatly 
to  corroborate  what  has  already  been 
inferred  concerning:  the  nature  of  cal- 
careous  earths.  We  have  concluded, 
that  twenty  hundred  weight,  or  a ton 
of  any  calcareous  fubftance,  confifts 

of 
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of  between  eight  and  nine  hundred! 
weight  of  fome  matter  or  other,  whicht 
is  diffipated  during  calcination,  and. 
of  between  eleven  and  twelve  hun- 
dred weight  of  earth,  which  cannot 
be  diffipated  in  that  degree  of  heat: 
now  if  it  can  be  ffiewn,  by  a way 
wholly  different  from  that  of  calci- 
nation, that  a ton  of  any  calcareous 
body  does  really  confiff  of  about 
twelve  hundred  weight  of  earth,  and 
of  about  eight  hundred  weight  of  a 
volatile  fubflance,  we  cannot  enter- 
tain any  further  doubt  concerning 
the  proportion  of  the  conllituent 
parts  of  calcareous  fubftances. 

If  the  reader  has  not  been  accuf- 
tomed  to  the  making  of  chemical 
experiments,  and  yet  fhould  be  de- 
sirous of  ascertaining,  from  his  own 
observation*  the  truth  of  fuch  as  I am 


going 
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Toing  to  mention,  he  may  do  it  at  a 
r v'ery  eafy  rate ; he  need  only  procure 
:from  his  apothecary,  a few  ounces  of 
the  acid  of  fea  fait,  and  a Florence 
flafk,  and  he  will  be  furnifhed  with 
.the  main  part  of  the  apparatus. 

1 took  a Florence  flafk,  and  pour- 
ed into  it  a fmall  portion  of  the  acid 
of  fea  fait  diluted  with  water;  the 
flafk  and  its  contents  were  then  weigh- 
ed in  a pair  of  fcales,  which  turned 
with  a quarter  of  a grain;  the  weight 
was  noted  down.  I then  dropped 
into  the  acid,  by  a very  little  at  a 
time,  20  grains  of  a calcareous  fub- 
fiance,  and  flopping  gently  the  top 
of  the  flafk  with  my  finger,  till  the 
whole  was  diflolved,  the  flafk  was 
weighed  again.  Now  it  is  obvious, 
that  if  nothing  had  efcaped  during 
the  folution,  the  weight  of  the  flafk 

and 
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and  its  contents,,  after  the  folution  of 
the  calcareous  fubftance,  would  have 
exceeded  its  weight  before  folution 
by  20  grains.  There  was,  however, 
a very  confiderable  lofs  of  weight,  in 
all  the  fubftances  which  I tried..  If 
indead  of  20  grains,  a ton,  or  20 
hundred  weight  of  each  fubdance, 
had  been  diffolved,  and  no  notice  had 
been  taken  of  any  weight  lefs  than.1 
of  an  hundred  weight,  the  weight  of 
the  eaith,  or  other  matter  remaining 
in  the  bottle  after  folution,  would 
have  been  exprefled  by  the  fecond 
‘column  of  the  following  table,  and 
the  weight  of  the  matter  lod  during, 
folution  by  the  third. 


Namure 
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».Jamure  black  marble 
'litheroe  limeftone 
'halk  — 

.fetton  flone  — . 

'ortland  flone  — 

t 'urbeck  flone  — 

'lother  of  Pearl 
)ove  marble  — 

I lue-veined  marble 
1 urple-veined  marble 
' tatuary  marble  — 

t .homboidal  fpar  — . 

':’ryflallized  fpar  * 


) 


C.q.Ib. 

C.  q.Tb. 

■3  3° 

6 10 

13  1 0 

630 

12  3 0 

7 x 0 

12  3 0 

7 1 0 

12  1 0 

7 3 0 

12  x 0 

7 3 0 

12  2 O 

7 20 

12  0 O 

8 00 

12  O O 

8 00 

12  0 O 

8 00 

12  O O 

8 00 

12  O C 

8 00 

12  0 o| 

8 00 

The 


'*  Six  out  of  the  thirteen  fubflances  here  ex- 
1 lined,  loft  8 parts  in  20  during  their  folution, 
i*aich  is  the  very  proportion  affigned  by  Dr. 
:ack,  in  his  moil  ingenious  EfTay  (Edin.  EfT. 
r°h  H.  page  104),  for  the  lofs  fuflained  by 
. alk ; it  will  appear,  however,  from  what  fol- 
u wst  that  pure  calcareous  fubflances  probably 
I fe  9 parts  in  20  of -their  weight,  by  being  dif- 
i tved  in  an  acid. 
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’The  Namureblack  marble  and  the; 
'Clitheroe  limeftone,  threw  np  an  oily 
•fcum  during  folution,  and  left  a large: 
portion  of  black  fediment,  which, 
probably  was  iron,  The  chalk  had 
a whitifh  fandy-lediment,  the  Ketton 
Hone  a yellowifh  one,  Portland  and 
Purbeck  ftone  a white  one,  which 
looked  like  particles  of  fand,  and  was 
.gritty  between  the  teeth  ; Mother  of 
Pearl  left  feveral  foft  infoluble  flakes 
floating  on  the  top  of  the  acid,  the 
■other  bodies  either  gave  no  fedi- 
ments,  or  very  minute  ones. 

When  I firft  began  making  thefe 
experiments,  I was  accuflomed  to 
weigh  the  flafk  as  foon  as  the  folu- 
tion was  ended,  and  this  led  me  into 
an  error  in  eftknating  the  quantity 
loft  during  folution ; for,  upon  fur- 
ether  trial,  1 always  found,  that  the 

weight 
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-weight  of  fhe  flalk  and  its  contents, 
'taken,  as  accurately  as  poflible,  as 
foon  as  the  folution  was  finifhed,  was 
diminifhed  very  fenfibly  in  the  Apace 
of  three  or  four  hours.  I was  at  fi.rH 
inclined  to  attribute  this  diminution 
;to  the  evaporation  of  a part  of  the 
fluid;  but  the  true  caufe  is  this,  the 
• weight  of  the  air  remaining  in  the 
fiafk  after  folution,  is  greater  than 
the  weight  of  an  equal  bulk  of  at- 
jimofpherical  air.  This  is  eafily  prov- 
ed, either  by  fucking  through  a pipe 
•the  air  contained  in  the  fiafk,  or 
' blowing  it  out  with  a pair  of  bellows, 
f£o  that  the  fiafk  may  be  filled  with 
‘Common  air;  for  the  flaflk  will  then 
loe  found  to  weigh  lefs  than  it  did 
i before.  Sucking  out  the  air  is  a 
rtroublefome  operation,  for  the  air 
I has  a difagreeable  taflre  in  the  mouth, 
voL.ir.  and 
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•and  if  fuffered  to  pafs  into  the  lungs,, 
might  be  noxious.  This  difagree- 
able  tafte  is  not  to  be  attributed  to 
any  fubtle  particles  of  the  acid,  which 
may  be  fuppofed  to  float  in  the  in- 
fide  of  the  flalk,  but  to  the  air  con- 
tained in  it;  for  after  the  air  has  been 
thoroughly  exhaufted,  fo  that  the 
flalk  becomes  full  of  only  common 
air,  no  further  tafte  is  perceived. 

I took  a Florence  flalk,  which 
would  hold  26  ounces  troy  of  water; 
into  this  flalk  I poured  a two-ounce 
meafure  of  the  acid  of  fea  fait,  and 
diflblved  llowly  in  the  acid  a quan- 
tity of  the  pureft  calcareous  lpar, 
the  bottle  was  weighed  as  foon  as  the 
folution  was  ended : I then  permitted 
it  to  Hand' quiet  for  two  hours,  and 
at  the  expiration  of  that  time,  I blew 
into  it  with  a pair  of  bellows,  till 
1 the 
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the  air  became  taftelefs  ,•  the  bottle 
was  then  weighed,  and  it  had  loft  7 
grains.  The  weight  of  common  air 
filling  a fiafk,  holding  24  ounces  of 
water,  is  about  14  grains;  the  weight 
of  the  fame  quantity  of  the  kind°of 
air  which  filled  the  ftalk,  immediately 
after  the  folution  of  the  calcareous 
fubftance,  was  7 grains  more,  or  21 
: grains;  hence  the  weight  of  common 
air,  is  to  that  of  the  air  which  filled 
:the  ftalk  after  folution,  as  14  to  21, 
tor  as  r to  if.  I do  not  offer  this 
ceonclufion  to  the  reader  as  an  accu- 
rate one,  but  it  is  probably  not  far 
I from  the  truth. 


The  circumftance  of  the  weight  of 
the  flafk  being  greater,  immediately 
rfter  the  folution  was  finifhed,  than 


w vvou]d  have  been  if  filled  only  with 
tommon  air,  was  not  negle&ed'  in 


^ 2 making 

o 
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making  the  experiments  mentioned 
in  the  table}  it  was  not,  however, 
attended  to  with  fuch  a fcrupulous 
exaclnefs,  as  it  ought  to  have  been: 

I made  therefore  the  four  following 
experiments  with  the  greateft  care. 
The  feveral  folutions  were  (lowly 
made,  to  prevent  any  lofs  of  the 
acid,  and  the  Hade  was  riot  weighed 
till  10  hours  after  the  folution  was 
fin iflied}  in  which  time  the  air  in  it 
had  become  taftelefs } nor  did  the 
Balk  and  its  contents  fuffer  any  fur^ 
ther  diminution  of  weight,  by  a 
longer  expofure  to  the  air. 

120  gr.  of  white  marble  loft  by  folut.  53§  gc. . 
j 20  gr.  of  cryftal.  fpar  loft  by  folut.. 54  — ■ 
120  gr.  of  rhomb,  fpar  loft  by  folut.  54  — 
120  gr.  of  Matlock  petrefaclion  — 54  — 

The  lofs  of  weight  fuftained  by 
the  marble  during  folution  is  foi 

nearly 
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nearly  the  fame  with  that  of  the 
other  three  bodies,  that  its  difference 
may  probably  be  referred  to  fome 
unavoidable  inaccuracy  in  making 
the  experiment  j if  this  be  admitted, 
we  may  reafonably  conclude  that 
equal  weights  of  pure  calcareous  fub- 
flances,  contain  equal  quantities  of 
a volatile  matter,  which  is  difperfcd 
during  folution,  and  that  this  vola- 
tile matter  amounts  to  54  parts  in 
120,  or  nine  hundred  weight  in  a ton, 
the  earth  amounting  to  1 1 c. 

Since  calcareous  fubftances  lofe 
nearly  equal  portions  of  their  weight, 
whether  they  are  calcined  in  the  fire, 
or  diffolved  in  acids,  it  may  be  pre- 
fumed  that  the  matter  which  is  loft 
is  of  the  fame  nature  in  both  cafes  ; 
this  matter  is  a fpecies  of  air.  The 
reader  may  eafily  convince  himfelf  of 
0^3  this 
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this  by  fattening  a flaccid  bladder 
over  the  mouth  of  a Florence  flafk, 
or  other  veflfel,  in  which  any  calca- 
reous fubttance  is  in  the  act  of  folu- 
tion,  for  the  bladder  will  prefently 
be  blown  up,  by  the  matter  which 
iifu.es  through  the  neck  of  the  flafk; 
and  if  the  neck  of  the  inflated  blad- 
der be  tied,  and  the  bladder  be  in 
that  ftate  removed  from  the  flafk,  it 
tyill  not  become  flaccid  again,  but 
remain  blown  up,  which  is  a fuffi- 
cient  proof  that  it  is  filled  with  a 
fpecies  of  air.  The  air  thus  feparated 
from  calcareous  fubftances,  is  very 
different  from  common  air,  in  many 
particulars.  We  have  before  f'een, 
that  the  weight  of  a given  bulk  of 
this  air,  is  as  much  greater  than  the 
weight  of  the  fame  bulk  of  common 
air,  as  21  is  greater  than  14,  or  as  3 

than 
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than  2. — The  air,  it  has  alfo  been 

• i 

remarked,  has  a fingular  tafte,  and 
common  air  has  no  tafte. — This  air 
extinguifhes  flame  and  animal  life, 
and  common  air  fupports  both. — 
This  air  by  being  fhaken  in  contact 
with  water,  or  otherwife  mixed  with 
it,  impregnates  the  water  with  an 
acidulous  tafte,  but  common  air  pro- 
duces no  fuch  effe6t  on  water. — This 
air  is  as  much  a conftituent  part  of 
the  atmofphere  as  common  air  is, 
for  a ton  of  lime  will  attract  half  a 

i 

ton  of  this  air  from  the  atmofphere. 
The  particles  of  matter  conftitutihg 
light,  are  fuppofed  to  be  of  different 
magnitudes  : are  the  particles  of  mat- 
ter which  conftitute  atmofpherical 
air  of  different  magnitudes  ? — Does 
the  fmell  of  a room  newly  plaftered, 
proceed  from  particles  of  matter 

emitted. 
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emitted  by  the  plafter,  or  from  the  air 
cf  the  room  having  undergone  a de- 
compofition,  in  confequence  of  the 
lime  having  abforbed  one  of  its  com- 
ponent parts  ? 

When  any  calcareous  earth  has 
been  diffolved  in  an  acid,  it  has  loft 
its  air,  and  is  much  diminifhed  in 
weight ; it  has  undergone  as  great  a 
.decompofition,  as  if  it  had  been  cal- 
cined. Calcined  calcareous  earth  or 
lime,  may  be  reftored  to  the  ftate  of 
crude  calcareous  earth  or  limeftone, 
by  expofure  to  the  air;  in  confe- 
quence of  fuch  an  expofure,  it,  in  a 
greater  or  lefs  fpace  of  time,  attracts 
from  the  air  a part  at  leaft  of  the 
principle  which  it  had  loft  during 
calcination ; but  when  a calcareous 
earth  has  been  diffolved  in  an  acid, 
and  is  thereby  deprived  of  its  air,  it 

may 
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may  be  wholly  reftored  to  the  ftate 
of  a crude  limeftone,  by  an  almoft 
inftantaneous  procefs.  Suppofe  26 
pennyweights  of  marble  to  have  been 
diffolved  in  a proper  quantity  of  the 
acid  of  fea  fair,  then  will  thefe  20 
pennyweights  have  loft  nine  parts  of 
their  weight;  the  earth  remaining  in 
the  acid  will  only  weigh  11  penny- 
weights. Salt  of  tartar,  pot  afh,  and 
other  fixed  alkalies  contain,  in  their 
crude  ftate,  a great  portion  of  fixed 
air , of  the  fame  nature  with  that 
which  conftitutes  nine  parts  in  20  of 
the  fubftance  of  marble,  and  other 
calcareous  bodies.  The  acid  of  fea 
fait,  and  all  other  acids,  have  a 
ftronger  tendency  to  unite  themlelves 
with  the  earthy  part  (if  the  expreffion 
may  be  admitted)  of  fixed  alkalies, 
than  to  continue  united  v/ith  the 

earthy 
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earthy  part  of  marble,  or  any  other 
calcareous  body.  If  then  into  the 
acid,  in  which  20  pennyweights  of 
marble  have  been  diifolved,  and 
which  really  confifts  of  the  acid 
united  with  11  pennyweights  of 
earth,  we  pour  a folution  of  fait  of 
tartar,  or  pot-afh,  the  add  will  quit 
the  earth  of  the  marble,  and  unite 
itfelf  with  one  of  the  conilituent 
parts  of  the  alkali j the  earth  of  the 
marble  is  by  this  means  fet  at  liber- 
ty, and  one  of  the  conilituent  parts 
of  the  alkali  is  alfo  fet  at  liberty, 
namely,  its  fixed  air ; thefe  two  will 
unite  together,  and  by  their  union, 
they  will  form  an  earth  of  the  fame 
nature  as  crude  limeflone,  the  weight 
of  which  is  found  to  be  equal  to  the 
original  weight  of  the  marble,  or  20 
pennyweights, 

JFrom 
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From  the  various  experiments 
which  have  been  here  faithfully 
related  without  any  previous  at- 
tachment to  fyliem,  it  feems  as  if 
we  might  conclude,  that  pure  cal- 
careous fubftances  are  compofed  of 
9 parts  in  20  of  a volatile  fubftance, 
which  is  difperfed,  not  only  during 
the  calcination,  but  during  the  fo- 
lution  of  the  fubftances  in  an  acid, 
and  of  11  parts  in  20  of  an  earth 
which  is  generally  known  under  the 
name  of  lime.  Several  authors  of 
diftinguifhed  reputation  in  Chemiftry 
have  though^,  that  water  was  an 
eftential  conftituent  part  of  calca- 
reous fubftances,  and  from  particular 
inftances  they  have  endeavoured  to 
afcertain  its.  quantity  in  general. — • 
The  experiments  which  I have  made 
do  not  tend  to  eftablifh  this  opinion.. 

— Into 
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—Into  a new  glafs  retort  I put  two 
ounces  of  cryftallized  fpar,  and  hav- 
ing fitted  a clean  receiver  of  flint 
glafs  to  it,  I expofed  it  at  firft  to 
a gentle  fire,  which  was  increafed,  by 
degrees,  till  it  became  ftrong  enough 
to  melt  the  retort ; during  the  whole 
of  the  operation  I did  not  obferve 
that  any  water  was  feparated  from 
the  fpar,  the  tranfparency  of  the  re- 
ceiver was  not  -fo  much  as  tarniflied 
by  -a  vapour.  From  this  experiment 
I would  conclude,  that  this  fpecies 
of  calcareous  earth  does  not  contain 
any  water  which  is  feparable  from 
it  in  a degree  of  heat  fufticient  to 
melt  glafs.  I took  an  earthen  re- 
tort, and  put  into  it  fix  ounces  of 
cryftallized  fpar,  and  expofed  the 
retort  to  a very  ftrong  fire  till  the 
Ipar  had  loft  one  third  of  its  weight, 
' there 
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there  was  not  a drop  of  water  found 
in  the  receiver.  The  retort,  when 
taken  out  of  the  fire,  appeared  to  be 
cracked,  fo  that  this  experiment 
is  not  quite  fo  convincing  as  the 
preceding,  though,  perhaps,  fuffi-. 
ciently  fo  to  make  us  doubt  con- 
cerning the  exiftence  of  water  as  a 
component  part  of  this  kind  of  fpar. 
— I took  720  grains  of  Derbyfhire 
watricle,  which  is  the  fubftance  of 
which  the  ornamental  columns  feen 
on  chimney  pieces  are  generally  form- 
ed, and  diftilled  them  with  a violent 
fire  in  an  earthen  retort,  till  they 
were  reduced  to  400  grains  (that  is, 
till  they  gave  after  the  rate  of  1 1 c. 
oq.  1 2 lb.  of  lime  from  a ton  of  the 
watricle),  but  I did  not  find  any 
fenfible  portion  of  water  in  the  re- 
ceiver 3 it  was  indeed  clouded  with  a 

vapour 
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Vapour,  but  this  vapour  I think 
arofe  from  the  dampnefs  of  the  re- 
tort, or  of  the  fubftance  ufed  m 
fattening  the  receiver  to  the  retort, 
or  from  fomething  or  other  uncon** 
netted  with  the  watricie.-^ 
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VII, 


i OF  CLAY,  MARLE,  AND  GYPSEOUS 
ALABASTER*  OR  PLASTER-STONE. 


ARgillaceous  earth,  or  clay,  may 
be  diftinguilhed  from  every 
■other  fort  of  earth,  by  its  tenacity 
when  wetted  with  water,  and  by  its 
growing  hard  when  expofed  to  the 
fire.  We  may  levigate  fand,  chalk, 
or  plafter-ftone  into  very  fine  pow- 
der, but  thefe  powders  when  knead- 
• with  water,  will  not  form  a tena- 


cious 
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cious  duftile  mafs,  capable  of  being 
moulded  and  turned  at  the  pottery- 
wheel,  or  of  being  hardened  in  the 
fire  like  clay.  - Even  clay  itfelf  lofes 
its  tenacity  by  being  baked  in  a 
gentle  fire : a potter  or  a pipe-maker 
will  in  vain  attempt  to  fubiiitute  the 
powder  of  potfherds,  or  of  broken 
pipes,  in  the  place  of  clay;  thefe 
powders  may  be  ferviceable  on  fome 
occafions,  when  mixed  with  clay, 
but  they  cannot,  on  any,  fuperfeae 
its  ufe#. 

The  whiteft  clays  are  efteemed  the 
pureft,  but  even  thefe,  befides  other 

impurities,  generally-  contain  a very 

con- 

* In  the  Mem.  de  l’Acad.  des  Scien.  de 
Prude,  1749,  there  are  fome  experiments 
tending  to  prove,  that  the  tenacity  of  clay  is 
owing  to  fome  inflammable  matter  which  is 
mixed  with  it,  and  which  is  eafily  confumed 
in  the  fire. 
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condderable  portion  of  fine  fand.  I 
took  1 6 ounces  of  the  fined;  pipe 
clay  from  Dorfetfnire,  and  by  re- 
peatedly waffling  it  in  large  quan- 
tities of  water,  and  pouring  oft  the 
turbid  water,  I colledcd  a fartdy  fe- 
diment,  amounting,  when  well  dried, 
to  three  ounces.  I have  no  doubt  that 
this  clay  contained  a much  greater 
proportion  of  fand,  than  what  I had 
been  able  to  colled;  for  the  white 
particles  which  had  been  fufpended 
in  the  water,  certainly  confided  in 
part  of  a fand  of  a finer  grain,  than 
what  had  fettled  to  the  bottom,  for 
they  were  very  fenfibly  gritty  be- 
tween the  teeth.  It  may  eafily  be 
conceived,  that  in  waffling  clays,  the 
fined  part  of  the  fand  contained  in 
them  will  remain  fufpended  in  the 
water,  and  that  on  this  account,  the 
vol,  ii.  Pv  fedi- 
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fediment  colledted  at  the  bottom  of 
the  veil'd,  in  which  the  operation  is 
performed,  will  not  give  the  true 
proportion  of  the  fand  which  enters 
into  their  compofition.  In  confirm- 
ation of  this  idea,  we  have  been 
inftrudted  by  the  experiments  of  a 
very  able  chemift,  to  confider  fine 
white  clays,  as  confifting  of  about  3 
parts  in  8 of  true  argillaceous  earth, 
and  of  about  5 parts  in  8 of  fand,  or 
earth,  refembling  powdered  flints*. 
All  forts  of  earthen  wares  from 
the  coarfelt  pots  to  the  fineft  pieces 
©f  either  Afiatic  or  European  por- 
celane,  confift  either  wholly  or  prin- 
cipally 

* M.  Marggraf’s  Opuf.  Chy.  Vol.  II. 
p,  1 71. — Is  it  poffible,  by  any  artificial  or  na- 
tural comminution  of  its  parts,  to  reduce  the 
fand  found  in  clay  into  a true  argillaceous  earth  ? 
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•cipally  of  clay.  There  are  \ great 
many  forts  of  clay  which  differ  from 
each  other  in  colour,  in  tenacity,  in 
the  degree  of  contraction  which  they 
fuiter  in  being  burned,  in  their  power 
of  redding  the  action  of  fire  without 
being  melted,  and  in  many  other 
properties ; and  hence  we  need  be 
at  no  pains  to  prove,  that  the  proper- 
ties of  earthen  wares  muft  be  very 
various,  according  to  the  properties 
of  the  clays  from  which  they  are 
formed ; and  this  variety  becomes 
till  greater,  when  we  take  into  con- 
fderation  the  ingredients  which  are 
purpofely  mixed  with  the  natural 
clays. 

The  flint  or  white-Jlone  ware  is 
made  in  Stafford  fir  ire,  and  other 
places,  in  the  following  manner. — 
lobacco-pipe  clay,  which  they  have 
R 2 from 
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From  Dorfetfhire,  is  beat  much  in  wa- 
ter; by  this  procefs  the  finer  parts  of 
the  clay  remain  fufpended  in  the 
water,  whilft  the  coarfer  fand  and 
other  impurities  fall  to  the  bottom. 
The  thick  liquid,  confiding  of  water 
and  the  finer  parts  of  the  clay,  is 
further  purified  by  being  pafied 
through  hair  and  lawn  lieves  of  dif- 
ferent degrees  of  finenefs : the  clay 
is  then  fufficiently  prepared  to  be 
mixed  with  powdered  flint,  the  other 
ingredient  in  the  done  ware.  They 
ufe  annually  in  Staftordfliire  about 
5000  tons  of  flint,  which  they  have 
from  Hull.  They  have  a tradition 
concerning  the  firfb  introduction  of 
flint  into  their  potteries,  which  is 
briefly  this : — A Staffordfhire  potter, 
about  80  years  ago,  in  travelling  to 
London,  met  at  an  inn  upon  the 
1 road 
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road  with  an  hofller,  who  undertook 
to  cure  a diforder  in  his  Iiorfe’s  eye. 
The  hofller  took  a dint  flone,  and 
having  calcined  it  for  a fufficient 
length  of  time  in  a hot  fire,  it  be- 
came very  white;  he  pounded  it 
into  a fine  powder,  and  blew  fome 
of  it  into  the  eye  of  the  animal : the 
potter  took  the  hint,  conceiving  that 
as  flints  could  be  calcined  and 
pounded  into  a fine  white  powder, 
they  might  be  ufed  in  conjunction 
with  clay  to  make  a whiter  ware 
than  the  clay  would  do  alone.  He 
amafled  large  quantities  of  flints, 
burned  and  pounded  them  in  fecrer, 
and  found  the  event  anfwerable  to 
his  expectation,  The  difcovery  foon 
■became  general,  and  many  lives  were 
loft  from  the  powder  of  the  flint 
being  inhaled  by  the  men  employed 

R 3 • in 
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in  pounding  it:  horfes  were  after- 
wards ufed  for  the  fame  purpofe, 
and  for  fome  time  paft  they  have 
been  accuftomed  to  grind  their 
fiint  ':ff.  If  the  flints  are  pounded, 
or  ground  by  inftruments  of  iron, 
the  powder  is  not  fo  good  as  it  ought 
to  be,  for  the  particles  of  the  metal, 
which  are  abraded  during  the  opera- 
tion, being  mixed  with  the  powder, 
give  the  ware,  when  burned,  a bad 
colour. 

They  formerly  were  accuftomed 
to  grind  their  flints  with  Mo  or  ft  one, 
or  Granite ; but  of  late  years  a large 
bed  of  Chert  (a  fpecies  of  flint)  has 

been 

* I lufpeft  the  date  afligned  by  this  tradi- 
tion to  the  potter’s  difcovery,  for  the  grinding 
of  flints  is  incidentally  mentioned  as  pra&ifed 
at  Brofely  in  the  year  1697.  — Phil.  Tranf. 
No.  .228. 
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been  difcovered  near  Bakeivell  in 
Derbyshire , and  the  Staffordshire  and 
Yorkshire  potters  prefer  it  to  Moor- 
ftone  for  grinding  their  flints : it  is 
very  hard,  and  being  itfelf  of  the 
nature  of  flint,  the  parts  of  it  which 
are  worn  off  and  mixed  with  the 
flints  in  grinding,  do  not  vitiate  the 
quality  of  the  flint  powder.  It  is 
fold  at  the  quarries  for  8s.  a ton,  of 
which  the  Duke  of  Rutland , as  lord 
of  the  foil,  has  5s.  and  the  work- 
men the  other  3s,  for  raifing  it.  It  is 
reckoned  that  they  annually  raife 
between  four  and  five  hundred  tons, 
befides  the  fmaller  pieces,,  which  are 
thrown  by  as  refufe ; but  which 
might  be  calcined  upon  the  fpot 
inflead  of  flint,  and  being  ground 
there,  might  anfwer  the  purpofe  of 
ground  flint ; though  as  coals  are 
r 4 com- 
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comparatively  dear  at  Bakewell , and 
as  there  is  no  navigation  from  thence 
into  Staffbrdfhire,  I am  not  certain 
whether  the  ground  Chert  could  be 
afforded  to  the  potters  at  an  eafier 
rate  than  they  can  prepare  their 
flint.  However,  Chert  is  very  com- 
monly to  be  met  with  in  other  parts 
as  well  as  at  Bakewell,  though  not, 
perhaps,  in  fuch  large  quantities, 
and  therefore  the  hint  of  ufinsr  cal- 

O 

cined  Chert,  as  a fubftitute  for  cal- 
cined flint,  may  be  of  fervice  to 
thofe  who  are  better  fltuated  with 
refpedl  to  fuel  and  water  carriage, 
than  they  are  at  Bakewell. 

When  the  flints  have  been  pro- 
perly calcined  and  ground,  they  are 
lifted  in  water  rill  the  water  is,  as 
near  as  may  be,  of  the  fame  thick* 
nefs  as  that  in  which  the  clay  is  fu Im- 
pended ; 


( ) 

pended;  then  the  liquid  clay  arid 
flints  are  mixed  together  in  various 
proportions,  for  various  wares,  and 
left  to  fet ; the  mixture  is  then  dri- 
ed in  a kiln,  and  being  afterwards 
beaten  to  a proper  temper,  it  be- 
comes fit  for  being  formed  at  the 
wheel,  into  difhes,  plates,  bowls,  &c. 
When  this  ware  is  to  be  put  into 
the  furnace  to  be  baked,  the  feveral 
pieces  of  it  are  placed  in  cafes,  made 
of  clay,  called  Seggars , which  are 
piled  upon  one  another,  in  the  dome 
of  the  furnace;  a fire  is  then  lighted, 
and  when  the  v/are  is  brought  to 
a proper  temper,  which  happens  in 
about  48  hours,  it  is  glazed  by  com- 
mon fait.  The  fait  is  thrown  into 
the  furnace  (through  holes  in  the 
upper  part  of  it),  by  the  heat  of 
which  it  is  inflantly  converted  into 

a thick 
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a thick  vapour,  which  circulating 
through  the  furnace,  enters  every 
Seggar  through  holes  made  in  its 
fide  (the  top  being  covered,  to  pre- 
vent the  fait  from  falling  upon  the 
ware),  and  attaching  itfelf  to  the  lur- 
face  of  the  ware,  it  forms  that  vi- 
treous coat  upon  the  furface  which 
is  called  its  glaze. 

This  very  curious  method  of  glaz- 
ing earthen  ware,  by  the  vapour  of 
common  fait,  was  introduced  into 
England  from  Holland,  at  leaft  it 
was  introduced  from  thence  into 
St  afford  fli  ire,  about  80  years  ago,  by 
two  Dutchmen.  An  old  man  in- 
formed the  perfon  from  whom  I had 
the  account,  that  he  remembered, 
when  he  was  a boy,  running  with 
others  to  help  to  extinguifh  what 
from  the  fmoke  they  apprehended 

to 
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ro  be  a fire  in  the  pottery  where 
the  Dutchmen  were  working,  but 
that  their  entrance  was  oppofed  by 
the  proprietors  of  the  pottery,  who 
were  unwilling  that  the  caufe  of  the 
fmoke,  which  was  the  common  fait 
they  were  ufing  in  glazing  their  ware, 
fhould  be  generally  known. 

The  Tel  low  or  Queen's  ware , is 
made  of  the  fame  materials  as  the 
flint  ware,  but  the  proportion,  in 
which  the  materials  are  mixed,  is  not 
the  fame,  nor  is  the  ware  glazed  in 
the  fame  way.  The  flint  ware  is  ge- 
nerally  made  of  4 meafures  of  liquid 
flint,  and  of  18  of  liquid  clay;  the 
yellow  ware  has  a greater  proportion 
of  clay  in  it;  in  fome  manufa£tories 
they  mix  20,  and  in  others  24  mea- 
fures of  clay  with  4 of  flint.  Thefe 
proportions,  if  eftimated  by  the 
1 weight 
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weight  of  the  materials,  would  pro- 
bably give  for  the  flint  ware,  about 
/ 3 hundred  weight  of  clay  to  i hun- 
dred weight  of  flint,  and  for  the  yel- 
low ware  fomewhat  more  clay.  The 
proportion,  however,  for  both  forts 
of  ware,  depends  very  much  upon 
the  nature  of  the  clay,  which  is  very 
variable  even  in  the  fame  pit : hence 
they  cannot  be  certain  of  the  exa<5t 
quantity  of  flint,  which  they  ought 
to  mix  with  the  clay,  till  they  have 
made  fome  trial  of  the  quality  of  the 
clay  by  burning  a kiln  of  the  ware. 
If  there  is  too  much  flint  mixed  with 
the  clay,  the  ware,  when  expofed  to 
the  air  after  burning,  is  apt  to  crack  j 
and  if  there  is  too  little,  the  ware 
will  not  receive  the  proper  glaze 
from  the  circulation  of  the  fait  va- 
pour. This  glaze,  even  when  it  is 
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•mod  perfeft,  is  an  appearance  lefs 
beautiful  than  the  glaze  on  the  yel- 
low ware.  This  yellow  glaze  is 
made  by  mixing  together  in  water, 
till  it  becomes  as  thick  as  cream,  1 1 1 
pounds  of  white  lead,  24  pounds  of 
ground  flint,  and  6 pounds  of  ground 
flint  glafs.  Some  manufacturers  leave 
out  the  glafs,  and  mix  only  80 
pounds  of  white  lead  with  20  pounds 
of  ground  flint,  and  others  doubtlefs 
obferve  different  rules,  of  which  it  is 
very  difficult  to  obtain  an  account. 
The  ware,  before  it  is  glazed,  is 
baked  in  the  fire,  by  this  means  it 
acquires  a property  of  ftrongly  im- 
bibing moifture  (we  perceive  fome- 
thing  of  this  in  the  force  with  which 
a new  pipe  flicks  to  the  lips,  though 
the  pipe  has  received  a kind  of  glaze 
-by  being  rubbed  with  bees  wax  after 

being 
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being  baked),  it  is  therefore  dipped 
in  the  liquid  glaze  and  fuddenly 
taken  out,  the  glaze  is  imbibed  into 
its  pores,  and  the  ware  prefently  be- 
comes dry  : it  is  then  expofed  a fe* 
cond  time  to  the  fire,  by  which 
means  the  glaze,  which  it  had  im- 
bibed, is  melted,  and  a thin  glafiy 
coat  is  formed  upon  its  furface : the 
colour  of  this  coat  is  more  or  lefs 
yellow,  according  as  a greater  or  lefs 
proportion  of  lead  has  been  ufed. 
The  lead  is  principally  inft-rumental 
in  producing  the  glaze,  as  well  as  in 
giving  it  the  yellow  colour;  for  lead, 
of  all  the  fubftances  hitherto  known, 
has  the  greateft  power  of  promoting 
the  vitrification  of  the  fubftances 
with  which  it  is  mixed.  The  flint 
ferves  to  give  a confiftency  to  the 
lead  during  the  time  of  its  vitrifica- 
tion. 


( 271  ) 

tion,  and  to  hinder  it  from  becoming 
: too  fluid,  and  running  down  the  Tides 
of  the  ware,  and  thereby  leaving  them 
unglazed.  The  yellowifh  colour, 
'which  lead  gives  when  vitrified  with 
flints,  may  be  wholly  changed  by  very 
fmall  additions  of  ocher  mineral  fub- 
■ftances ; thus,  to  give  one  inftance, 
the  beautiful  black  glaze,  which  is 
fixed  on  one  fort  of  the  ware  made 
at  Nottingham is  compofed  of  21 
parts  by  weight  of  white  lead,  of 
5 of  powdered  flints,  and  of  3 of  an 
earthy,  or  metallic  mineral  called 
Manganefe. 

The  powder  into  which  calcined 
flints  are  ground,  is  whiter  than  com- 
mon  fand,  and  of  a finer  grain  j and 
hence  it  conflitutes,  when  mixed 
with  clay.,  a fpecies  of  earthen  ware, 
fuperior  to  that  in  which  fand  is  ufed 

as 
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ns  an  ingredient;  the  coarfe  Jtone 
'Ware  made  at  Briftol>  is  compofed  of 
tobacco-pipe  clay  and  fand,  and  is 
glazed  by  the  vapour  of  fait,  like 
the  Staffordfhire  flint  ware,  but  it  is 
Far  inferior  to  it  in  beauty.  As  our 
flint  ware  is  fuperior  to  the  (tone  ware 
here  mentioned,  becaufe  it  is  made  of 
materials,  which,  though  of  the  fame 
kind,  are  of  a finer  quality,  than 
thofe  which  enter  into  the  compofi- 
tion  of  flone  ware ; fo  is  it  inferior 
to  all  the  forts  of  porcelane  in  white- 
nefs  and  tranfparency;  becaufe  pow- 
dered flints  and  tobacco-pipe  clay, 
are  neither  of  them  fo  white  and  pure 
as  the  clays  and  flints  of  which  all 
porcelanes  are  made.  According  to 
this  notion,  the  only  difference  be- 
tween porcelanes  and  many  forts  of 
tarthen  ware,  confifts  in  the  finene'fs 

and 
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and  proportion  of  the  ingredients; 
and  thefe  caufes  joined  to  the  differ- 
ent degrees  of  heat  employed  in  bak- 
ing different  porcelanes,  are  abun- 
dantly fufficient  to  account  for  all 
the  varieties  obfervable  in  the  grain, 
colour,  hardnefs,  and  tranfparency, 
of  different  forts  of  china. 

We  are  told  that  the  component 
parts  of  oriental  porcclane,  tfare  (i) 
a vitrejcent  flony  fubftance,  reduced 
to  an  impalpable  powder,  Petunfe. 
(2)  An  unvitrijiable  unduous  clay,  re- 
duced to  an  impalpable  powder  alfo. 
Kaolin . Thefe  are  thoroughly  mixed, 
the  latter  in  as  fmall  proportion  as 
poffible,  and  then  moulded  and 
baked.  (3)  A varnifh  compofed 
of  the  fined  particles  of  a foapy 
earth,  diffolved  in  water  to  the 
confidence  of  a cream,  in  which, 
vol.  ir.  S when 
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when  dry,  the  pieces  are  dipped  be- 
fore they  are  baked  The  Chinefe 
Petunfe  differs  from  powdered  flints, 
in  being  fufible  in  a ftrong  degree 
of  heat,  whereas  flints  are  not  fufible 
in  a fire  fufficient  for  the  baking  of 
porcelane,  unlefs  they  are  mixed  with 
fome  heterogeneous  matter ; and  this 
property  of  the  Petunfe  probably 
gives  to  china,  a degree  of  tranfpa- 
rency  not  obfervable  in  our  flint  ware; 
for  the  vitrifiable  Petunfe,  when  mixed 
with  the  unvitrifiable  clay,  may  com- 
municate a degree  of  vitreoufnefs 
to  the  compound. 

The  moorfione  or  granite  found  in 
Cornwall  is  thought  to  refemble  the 
Chinefe  Petunfe ; and  the  Soap-rcck, 
which  is  plentifully  met  with  at  the 
Land's  End , is  efteemed  a fpecies  of 

Kaolin, 

* Campbell’s  Surv.  ofBrit.  Vol.  II.  p.  18. 
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Kaolin , and  is  much  fought  after  by 
the  makers  of  porcelane.  The  granite 
is  looked  upon  by  mineralogies  as  a 
verifiable  ftone ; at  lead,  as  to  the 
greateft  part  of  it  *,  and  there  may, 
probably,  be  difcovered  other  ftones 
which  poffefs  the  fame  property. 
The  lead  mines  in  Derbyfhire  abound 
in  two  kinds  of  fpar,  which  are  very 
different  from  each  other  in  figure 
(where  the  figure  is  difcernible),  in 
weight,  and  in  the  change  which 
they  undergo  from  the  adtion  of  fire. 
The  figure  of  one  of  the  kinds  of 
fpar  is  that  of  a lozenge  or  rhomb ; 
the  figure  of  the  other  is  that  of  a 
die  or  cube  : a cubic  foot  of  the  rhom ~ 
s 2 boidal 

* — Expofe  au  feu,  il  s' ’y  vitrifie,  a t’ 
teception  du  mica,  et  du  cement  qui  foufFrent 
la  meme  violence  du  feu  fans  en  etre  altere. — » 
Miner,  par  M.  Val.  de  Bomare,  Vol.  I.  p. 

£7S* 
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boidal  fpar  weighs  2700  ounces ; a 
cubic  foot  of  the  cubical  fpar  weighs 
3219  ounces : the  rhomboidal  fpar,  in 
being  calcined  in  a ftrong  fire,  lofes 
near  18  parts  in  40  of  its  weight, 
and  is  changed  into  quicklime ; the 
cubical  fpar  in  the  fame  degree  of 
heat  lofes  about  1 part  in  40  of  its 
weight,  and  is  not  converted  into 
quicklime  : the  cubical  fpar  may  be 
melted  in  a degree  of  heat,  in  which 
the  rhomboidal  fpar  remains  unmelt- 
ed ; and  from  this  property,  the  cu- 
bical fpar  might,  probably,  be  ufed 
with  advantage  by  the  porcelane  ma- 
nufacturers. Some  mines,  as  thofe 
near  Critch  in  Derbyfoire,  yield  no 
kind  of  fpar  but  the  cubical ; whilft 
others  yield  only  the  rhomboidal; 

'S 

and  fome  yield  both  : I have  feen  a 
crack  in  a limeftone  rock, 

coated 


narrow 
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coated  on  one  fide  with  the  cubical, 
and  on  the  other  with  the  rhom- 
boidal  fpar. 

Having  fallen  into  the  mention  of 
fpars,  it  may  juft  be  obferved,  that 
Blue-John , which  has,  of  late  years, 
been  fabricated  into  vafes,  and  other 
ornamental  figures,  is  of  the  fame 
quality  as  the  cubical  lpar,  with  re- 
fpe<ft  to  its  fufibility  in  the  fire;  it 
lofes,  moreover,  its  colour,  and  be^ 
comes  white  in  a moderate  heat : the 
weight  of  a cubic  foot  of  the  blueft 
kind  is  3180  ounces,  and  that  of  a 
cubic  foot  of  the  leaft  blue  is  3140 
ounces.  This  fubftan.ee  was  firft 
difeovered  (or  more  properly  fpeak- 
ing,  it  firft  began  to  be  applied' to 
fome  ufe),  about  16  years  ago,  atone 
of  the  oldeft  lead  mines  in  Derhjbire , 
called  the  Odin  mine  (probably  fror^i 
s 3 its 
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its  being  dedicated  to  Odin,  the  great 
God  of  the  northern  nations),  at  the 
foot  of  a high  mountain  called  Mam 
‘for  near  Cafileton.  Spars  tindlured 
with  the  amethyft  colour  have  been 
difcovered  in  other  mines ; there  is 
great  plenty  of  what  they  call  the 
chocolate  coloured  fpar,  in  a mine  at 
Critch  (a  few  miles  from  Matlock J, 
where  I faw  the  lad  year,  a piece  of 
oak,  which  had  flood  long  in  the 
water  of  that  mine,  tinged  with  a 
deep  purple  colour  •,  but  the  greateft 
quantity  of  Blue-John  is  dill  raifed 
at  Cafileton;  the  larged  pieces  are 
fold  for  9 pounds  a ton,  the  middle- 
fizedfor  6 pounds,  and  the  lead  for 
fifty  drillings. — But  to  return  to  the 
confideration  of  porcelane. 

Several  European  nations,  in  par*- 
♦ticular  the  Germans , the  EngUJh , the 

French , 
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French,  and  the  Italians , have,  fince 
the  beginning  of  the  prefent  century, 
applied  themfelves  with  great  in- 
duftry  and  ingenuity,  to  the  making 
of  porcelane,  and  they  have  all  of 
them  arrived  at  great  perfection  in 
the  art;  though  none  of  the  Euro- 
pean porcelanes,  unlefs,  perhaps,  we 
except  the  Drejden , can  yet  be  faid  to 
equal,  both  in  flrength  and  beauty, 
the  porcelanes  which  are  imported 
from  China  and  Japan.  The  Dref- 
den,  and  the  German  porcelanes  in 
general,  are  as  un  verifiable  as  the 
Afiatic;  while  moil  of  the  others 
which  are  made  in  Europe,  may  be 
vitrified  by  a longer  continuation  of 
the  heat,  in  which  they  are  baked. 
The  being  or  the  not  being  converti- 
ble into  glafs  in  a ftrong  fire,  is  one 
of  the  principal  criterions  by  which 
s 4 • con- 
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connoifleurs  judge  of  the  goodnefs  of 
porcelane,  that  being  efteemed  the 
belt  which  is  the  leaft  fufible.  Porce- 
lane being  feldom  expofed  to  a degree 
of  heat,  greater  than  that  of  boiling 
water,  it  feems  to  be  an  odd  method 
of  judging  of  its  worth,  by  inquiring 
whether  it  is  capable  of  fuftaining, 
unaltered  in  its  form,  a degree  of 
heat  fufficient  to  convert  many  other 
fubftances  into  glafs ; but  probably 
that  fort  of  it  is  the  moft  hard,  and 
tough,  and  bell  capable  of  bearing 
the  fudden  tranfitions  from  heat  to 
cold,  which  is  baked  with  the 
ftrongeft  heat ; and,  if  this  be  true, 
then  there  is  a good  reafon  for 
efteeming  that  china  to  be  the  beft, 
which  is  the  moft  unfufible,  inas- 
much as  it  has,  probably,  under- 
gone a ftronger  fire  in  being  baked 

than 
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than  the  more  fufible  kinds  could 
fupport. 

There  is  fome  reafon  for  thinking, 
that  the  ftrength  of  porcelane  has 
fome  dependence  on  its  weight,  for 
.the  more  clofely  its  parts  are  com- 
.padted  together,  the  more  forcibly, 
other  circumftances  being  the  fame, 
will  they  refill;  the  impulfe  of  a llroke, 
tending  to  dilunite  them.  I have 
:eltimated  the  relative  weights  of  molt 
of  our  Englilh  porcelanes ; but  I 
forbear  mentioning  particulars,  as  I 
Ihould  be  forry  to  fay  any  thing 
which  might  have  the  molt  diflant 
tendency  to  injure  any  individual; 
efpeeially  as  the  great  price  of  labour 
in  this  country,  and,  indeed,  in  all 
parts  of  Europe,  compared  with  its 
price  in  Alia,  mult  ever  render  the 
engaging  in  a porcelane  manufadtory 
. . - a ha- 
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a hazardous  undertaking  whilft  the 
importation  of  Afiatic  porcelane  is 
allowed.  The  bell  mode  of  en- 
couraging the  European  manufatffo* 
ries  of  porcelane,  would  be  the  im- 
pofifion  of  a heavy  duty  on  that 
which  is  brought  from  Afia.  It  is, 
I believe,  generally  acknowledged, 
that  the  yellow  ware,  is  far  more 
brittle  than  th t flint  ware ; the  rela- 
tive weights  of  a cubic  foot  of  thefe 
wares  and  of  Eaft  India  china,  were 

Eaft  India  china  2346 

Flint  ware  - 2188 

r 

Yellow  ware  - 19SS 

Notv  fuppofing  a plate  of  the  com- 
mon yellow  or  Queen’s  ware  (for 
there  are  very  different  forts  of  it) 
to  weigh  12  ounces;  then  will  a 
plate  of  the  flint  ware  of  exadlly  the 

fame 


^ounces  avoir. 
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fame  dze  and  thicknefs  weigh  13-* 
ounces;  and  an  equal  plate  of  china 
will  weigh  144-  ounces;  and  hence 
,ve  need  not  wonder  at  the  great 
Fragility  of  the  common  yeilow  ware, 
when  compared  either  with  china  or 
Flint  ware.  The  coarfe  Bridol  done- 
ware  has  nearly  the  fame  weight  as 
;:hina,  a cubic  foot  of  it  weighing 
:i340  ounces. 

The  precife  meaning  of  the  term 
vnarle  is  not  vet  fully  fixed;  it  is 
mod  generally  ufed  to  denote  an 
cearthy  or  dony  fubdance,  condft- 
|;mg  principally  of  clay  and  calcareous 
t:arth,  and  falling  into  powder  by 
t:xpolure  to  the  air.  There  are  feve- 
rral  folid  drata  of  dones,  fuch  as  the 
IDerbyfhire  Jhale  and  toadftone , which 
; moulder  into  powder  by  expofure  ta 
:the  air,  and  yet  they  are  not  edeemed 

marles. 
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marles,  becaufe  they  do  not  contain! 
any  calcareous  earth  ; there  are  alfci 
limeftones  which  contain  portions  of) 
clay,  and  clays  which  contain  por- 
tions of  limeftone,  but  which  not! 
falling  into  powder  by  the  influence! 
of  the  air,  are  not  clafled  amongfii 
the  marles : and  hence  thefe  twcs 
properties,  of  containing  calcareous 
earth,  and  of  falling  into  powden 
when  expofed  to  the  air,  may  bq 
efteemed  charadteriflic  of  marles;, 
and  they  are,  perhaps,  the  charac-. 
teriflics  which  are  mod  to  be  relied: 
on,  for  as  to  colour  and  confiftencyy 
marles  cannot  by  them  alone  bq 
diflinguifned  from  feveral  otheil 
bodies. 

As  the  ufe  of  marie  in  agriculture,, 
.depends  in  fome  fort  of  foils  upon 
the  quantity  of  calcareous  earth! 

which) 


( 285  ) 

which  it  contains,  and  in  others 
upon  the  clay  which  enters  into  its 
compoiition,  fome  readers  will  wifh 
to  be  acquainted  with  a general  me- 
thod of  afcertaining  the  exadt  pro- 
portion of  clay  and  calcareous  earth, 
.contained  in  any  particular  kind  of 
1 marie. 

Take  an  ounce  of  the  propofed 
marie,  previoufly  reduced  into  pow- 
der, and  well  dried;  pour  upon  the 
;marle  a diluted  acid  of  fea  fait;  an 
;effervefcence  will  enfue ; this  effer- 
’vefcence  arifes  from  the  adtion  of 
:the  acid  on  the  calcareous  earth,  for 
the  acid  has  no  fuch  adtion  on  pure 
clay,  nor  even  on  clay  and  fand,  as 
may  be  feen  by  pouring  a little  of  it 
on  pipe-clay ; when  fo  much  acid 
has  b'een  added  to  the  marie  that  no 
further  effervefcence  is  obferved,  we 

muy 
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may  conclude  that  all  the  calcare- 
ous earth  contained  in  the  marie  is 
now  difTolved  in  the  acid : put  the 
ivhole  into  a filter ; the  calcareous 
earth  being  difTolved  in  the  acid  will 
pafs  through  the  filter,  whilft  the 
•clay  will  remain  upon  the  filter; 
wafh  the  clay,  and  the  filtering 
paper,  by  pouring  upon  them  hot 
water  till  they  are  freed  from  all 
faline  particles ; the  clay  being  after- 
wards dried,  as  the  ounce  of  marie 
had  been,  will  fhew,  by  its  lofs  of 
weight,  the  quantity  of  calcareous 
earth  which  the  marie  contained.  As 
to  the  matter  which  remains  upon  the 
filter,  and  which  has  been  called  clay, 
it  may  chance  either  to  be  pure  clay, 
or  a mixture  of  clay  and  land  ; if  it 
is  the  latter,  the  quantity  of  fand 

may 
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may  be  known  by  walking  it  and 
collecting  the  fediment. 

This  method  of  examining  how 
:much  calcareous  earth  is  contained 
-in  any  fpecies  of  marie,  may  be  ufe- 
ifully  adopted  alfo  when  the  clay  or 
; marie  is  to  be  applied  to  the  making 
of  brick.  For  if  the  quantity  of 
icalcareous  earth  is  large,  the  marie 
in  being:  burned  will  rather  form 
lime  than  brick,  or  the  brick  at  leaft 
■.will  foon  moulder  in  the  air,  in  con-* 
ifequence’of  the  calcareous  earth 
Tailing  into  a powder  like  lime. — 
The  marie  dug  out  of  the  fame  pit 
is  often  very  different  in  its  proper- 
ties, fome  parts  of  it  containing  fo 
;much  calcareous  earth,  that  they 
may  with  advantage  be  burned  into 
lime ; whilft  other  portions  of  it  may 
be  made  into  good  brick.  I will 
3 illuftrate 
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illuftrate  what  has  been  faid  con- 
cerning the  analyfis  of  marie,  by  an 
inftance. 

Wehaveaftratum  of  lead-coloured 
clay,  a little  beyond  Magdalen  Col- 
lege, on  the  road  to  Ely,  which 
burns  to  a whitifh  brick : I took 
four  ounces  of  this  clay,  moift  as  it 
was  dug  out  of  a pit,  ten  or  twelve 
feet  deep  ; by  being  dried  on  a hot 
fire-lhovel  till  no  more  vapour  ap- 
peared to  rife  from  it,  the  weight 
was  reduced  to  three  ounces.  Thefe 
three  ounces,  or  60  pennyweights, 
were  put  into  a quantity  of  diluted 
acid  of  fait,  till  no  more  effervefcence 
was  obferved,  the  mixture  was  fil- 
tered, and  what  remained  upon  the 
filter,  being  dried,  weighed  46  pen- 
nyweights, the  quantity  of  calca- 
reous earth  amounting  to  14  parts 
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in  6 o,  or  near  i of  the  weight  of  the 
day  when  dried.  What  remained 
upon  the  filter  was  walhed  in  much 
water,  I obtained  a fediment  amount- 
ing to  about  i pennyweight,  but  it 
' was  not  a fandy  fediment,  it  refem- 
;bJed  an  earthy  fait,  refulting  from  an 
tunion  of  the  acid  of  vitriol  with 
•calcareous  earth,  which  is  ufually 
called  Selenite-si  there  was  alfo  fepa- 
:rated,  by  walking,  a quantity  of 
.greyifii  earth,  which  was  chiefly 
iiron. 

The  moulds,  ufed  in  making: 
bricks  from  this  clay,  are  io  inches 
' n length,  and  5 in  breadth,  and  the 
bricks,  when  burned,  ufually  mea- 
sure 9 inches  in  length,  and  4I  in 
breadth,  fo  that  the  clay  fhrinks 
;ubout  1 inch  in  10.  But  the  degree 
urf contraction,  which  clays  undergo 
vol.  11.  T 


in 
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in  being  burned,  is  very  various,  and 
it  does  not  folely  depend  upon  the 
purity  of  the  clay ; for  I have  been 
informed  by  perfons  employed  in 
making  coarfe  earthen  ware  from 
Ample  clay,  that  the  fame  clay  juft 
dug  out  of  the  earth,  and  put  into 
the  fire,  will  contraft  lefs,  than  when 
it  has  been  fome  time  expofed  to  the 
influence  of  the  atmofphere ; for 
froft  more  perfectly  divides  its  par- 
ticles than  any  artificial  procefs  can 
do:  the  Chinefe  are  faid  to  let  their 
clay  remain  expofed  to  the  atmo- 
fphere 20  or  30  years,  before  they 
apply  it  to  the  making  of  porcelane : 
and  the  goodnefs  of  common  tiles, 
and  bricks,  is  much  increafcd,  by 
fufFering  the  clay  to  lie  mellowing 
for  a year  or  two  before  it  is  ufed. 

The 
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The  clay  here  fpoken  of,  though 
it  does  not  contain  fo  much  calca- 
reous earth,  as  to  render  it  a proper 
manure  for  ftiff,  loamy  foils,  yet  it 
might  probably  be  ufed,  with  great 
advantage,  on  thofe  which  are  light 
and  landy;  inafmuch  as  by  its  clayey 
part  (for  clay  is  greatly  retentive  of 
humidity)  it  would  contribute  to 
keep  the  ground  from  being  depriv- 
ed of  its  moifture,  by  the  adtion  of 
the  fun  and  wind  during  the  height 
of  fummer.  The  quantity  of  moif- 
ture  which  is  imbibed  by  the  leaves 
of  vegetables  from  the  atmofphere, 
as  well  as  that  which  is  fucked  in  by 
their  roots,  has  a great  dependence 
on  the  moiflure  of  the  ground  on 
which  they  grow;  for  when  the 
ground  is  dry,  the  air  incumbent 
upon  it  will,  comparatively  fpeaking, 
t 2 be 
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be  dry  alfo,  and  the  vegetables  which 
grow  in  that  dry  air,  will  lack  a 
part  of  that  moifture  which  is  necef- 
fary  to  their  well  being,  for  whether 
moifture  be  itfelf  the  food  of  vege- 
tables, or  only  the  vehicle  of  food, 
it  is  indifpenfably  necefiary  for  the 
promotion  of  vegetation  *. 

From  the  confideration  of  marie 
we  pafs  to  that  of  alabajlery  which  is 
feldom  found  in  beds,  except  in 
conjunction  with  marie.  There  is 
fome  confufion  both  in  the  philofo- 
phical  and  in  the  common  accepta- 
tion of  the  term  alabafler , I do  not 
mean  merely  with  refpedft  to  the 
colour  and  tranfparency  of  the  fub- 
ftance,  but  with  relation  to  its  con- 
ftituent  parts.  This  confufion  may 

be 

* Vegetabilia  omnia  a liquoribus  omnino 
crefcunt. — Newton. 
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be  greatly  removed,  by  admitting 
1 two  forts  of  alabafter,  which  are 
effentially  different  from  each  other, 

. calcareous  and  gypfeous  alabafter:  to 
-which  fort  any  particular  fpecimen 
belongs  may  be  determined  by  the 
ceafieft  experiment.  Dip  a feather  in 
the  acid  of  fea  fait,  touch  the  fpeci- 
men of  alabafter  with  the  wet  fea- 
ther, if  an  effervefcence  enfues,  the 
; alabafter  is  calcareous , it  is  of  the 
nature  of  marble,  and  may  be  burned 
into  lime;  if  no  effervefcence  enfues* 
:the  alabafter  is  gypfeous , it  is  of  the 
mature  of  Plafter- of -Paris,  and  very 
idifferent  from  every  fort  of  marble. 
This  fubftance  is  called  in  the  north 
(of  England  allplaftery  being  a cor- 
ruption probably  of  alabafter,  and 
lit  is  alfo  often  called  by  the  Latin 
.appellation  gytfum,  efpecially  by  the 
t 3 French* 
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French.  Gypfum  was  applied  by  the 
ancients  to  the  very  fame  purpofes 
to  which  it  is  applied  by  us;  they 
ufed  it  in  architecture  for  the  making 
of  ceilings,  medallions,and  cornices  ^ 
and  even  the  name  of  the  perfon, 
who  firft  invented  the  method  of 
taking  off  the  impreffion  of  a man’s 
face  in  gypfum,  has  been  preferved 
by  Pliny*. 

There  are  fome  forts  of  alabajler 
which  differ  fo  widely  in  weight, 
both  from  the  fineft  kinds  of  plafter- 
ftone,  and  of  calcareous  (tone,  that 
I know  not  how  they  can  properly 

be 

* Ufu9  gypjl  in  albariis,  figiUis  sedificiorum, 
et  coronis  gratiffimus.  Plin.  Kill.  Nat.  L.xxxvi,. 
f.  59. — Hominis  autem  imaginem  gypfo  e facie 
ipfa  primus  omnium  exp rc flit  Lyfiftratus.  Id.’ 
L.  xxxv.  f.  54.  where  it  is  obferved  that 
the  cajl  was  improved  by  pouring  wax  into 
the  gypfum  mould. 
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be  confidered  as  being  of  the  fame 
nature  with  either  of  them.  Mr. 
Cotes  has  fixed  the  weight  of  a cubic 
foot  of  alabafter  at  1875  ounces*, 
and  two  other  authors  have  repre- 
fented  it  as  weighing  1872  ounces^. 
I have  tried  feveral  fpecimens  of  the 
fined:  Derbyfhire  plafter-flone,  and 
find  that  a cubic  foot  of  it  weighs, 
at  a medium,  2286  ounces;  a cubic 
foot  of  the  Derbyfhire  watricle, 
which  is  a fine  calcareous  ftone,  re- 
fembling  alabafier  in  colour  and 
tranfparency,  weighs  2720  ounces. 

Two  fubftances  when  combined 
together  in  different  ways,  or  in  dif- 
ferent proportions,  may  conftitute  a 
great  variety  of  bodies  differing 

much 

* Cotes  Ts  Hydros. 

f Mufichenbroek — Wallerius. 
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anuch  from  each  other  in  external 
appearance,  and  fomewhat,  probably, 
in  their  internal  properties.  We 
have  an  inftance  of  this  in  the  com- 
bination of  the  acid  of  vitriol  with 
calcareous  earth,  for  this  combina- 
tion conftitutes  a great  many  fub- 
ftances  exceedingly  different  from 
each  other  in  appearance.  I will 
mention  fome  of  the  moft  remark- 
able. (1)  A folid  fubftance  not  fo 
hard  nor  fo  heavy  as  marble,  nor  fo 
capable  of  receiving  a fine  polifh, 
but  confiding  of  finer  particles,  and 
having  a greater  degree  of  tranfpa- 
rency  — Gypfeous  alabafter.  (2)  A 
fubftance  compofed  of  larger  par- 
ticles than  the  preceding,  and  hav- 
ing a fcaly  or  granulated  texture — 
VI after -ft  one.  (3)  A fubftance  whofe 
parts,  inftead  of  being  flat  or  granu- 
lated. 
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lated,  lie  in  longitudinal  fibres,  like 
a parcel  of  needles,  or  a fkein  of 
thread  — Striated  gypfum . (4)  A 

pellucid  fubflance  confifting  of  a 
number  of  tranfparent  plates  of  a 
lozenge-like  form,  found  in  great 
plenty  and  perfection  at  Shot  over -hilly 
near  Oxford — Rhomboidal  felenites . 
(5)  Some  take  the  lapis  Jpecularis 
which  the  ancients  ufed  inftead  of 
glafs,  to  have  been  compofed,  like 
all  the  preceding  bodies,  of  the  acid 
of  vitriol  and  calcareous  earth  j 
.whilfl  others  look  upon  it  as  a fpecies 
of  talc , which  differs  from  plafter- 
ftone  in  this,  that  it  does  not*  after 
being  calcined  and  wetted  with  water, 
fwell  and  concrete  into  a hard  ftony 
fubftance.  This  lapis  fpecularis  came 
into  ufe  at  Rome  in  the  age  of  Se- 
neca % 
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neca  * i it  was  foon  after  its  intro- 
duction applied  not  only  to  lighten 
apartments,  but  to  protect  fruit  trees 
from  the  feverity  of  the  weatherfj 
and  it  is  recorded  to  have  been  prin- 
cipally by  its  means,  that  the  Em- 
peror Tiberius  was  enabled  to  have 
cucumbers  at  his  table  during  almoft 
every  month  in  the  yearj.  I be- 
lieve 

* Quaedam  noflra  demum  prodiifle  me* 
moria  fcimus,  ut  fpeculariorum  ufum,  perlu- 
cent  tefta,  claram  tranfmittentium  lucem.  Sen. 
E.  p.  90. 

+ Pallida  ne  Cilicum  timeant  pomaria  bru- 
mam, 

Mordeaf  et  tenerum  fortior  aura  nemus : 
Hibernis  objefta  notis  fpecularia  puros 
Admittunt  foies,  et  line  fasce  diem. 

Mar.  L.  viii.  epig.  14.  et  6$. 

j Nihilo  minus  fpecularihus  integi  debe- 
bunt  ut  etiam  frigoribus  ferenis  diebus  tuto 
producantur  ad  folem.  Hac  ratione  fere  toto 
anno  Tiberio  Caefari  cucumis  prabebatur.  Co- 
lum.  L.  xi.  c.  3. 
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lieve  It  is  Hill  ufed  in  fome  countries 
in  the  place  of  glafs,  and  we  certainly 
know  that  it  was  fo  ufed  in  the  time 
of  Agricohy  for  he  mentions  two 
churches  in  Saxony  which  were  light- 
ed by  it*. 

If  the  lapis  Jpecularis  was  a kind  of 
tranfparent  plafter-ftone,  it  muft  have 
been  fubjeft  to  one  inconvenience,  it 
could  not  have  long  flood  the  adlion 
of  the  weather  : for  gypfeous  al ah  after, 
plafter-ftone , felenites , and  all  other 
combinations  of  the  acid  of  vitriol 
with  calcareous  earth , are  foluble  in- 
water,.  either  wholly  or  in  a great  de- 
gree. Thefe  fubftances  require,  in- 
deed, a greater  proportion  of  water 
to  diftolve  them,  than  any  other  fa- 
line  fubftances  do,  but  they  are,  ne- 
verthelefs,  foluble  in  water* 

I took 


* Agric,  deNatura  Fof.  L.  v.  p.  257. 
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I took  fome  very  white  plafter- 
flone,  and  pounded  it  into  a fine 
powder ; i pennyweight  of  this  pow- 
der was  put  into  a pail*  containing 
i o quarts  of  water ; the  powder  was 
entirely  difiblved  in  it;  from  hence 
we  learn,  that  this  kind  of  plafter- 
ftone  is  wholly  foluble  in  water;  the 
water  was  pump  water  of  48  degrees 
of  heat.  I thought  that  this  quan- 
tity of  water  was  perfe&ly  faturated 
with  4 pennyweights,  or  96  grains  of 
the  powder,  and  hence  it  feems  as  if 
fpring  water,  which  is  ufually  of  the 
temperature  of  48  degrees,  would 
difiolve  about  one  fourteen  hun- 
dredth part  of  its  weight  of  plafter- 
ftone.  There  are  great  beds  of  plaf- 
ter-ftone  in  the  environs  of  Paris, 
and  the  hardnefs  of  the  well  water  of 
that  city  is  thought  to  arile  from  the 

par- 
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particles  of  plafter-ftone  which  arc 
diflolved  in  it. 

Agricola  efteemed  the  lapis  fpecu- 
laris  to  have  been  a fpecies  of  plafter- 
ftone,  and  in  fpeaking  of  it  he  re- 
marks, that  though  it  could  bear, 
without  being  injured,  the  heat  of 
fummer  and  the  cold  of  winter,  yet, 
the  largeft  maftes  of  it  were  wafted 
by  the  rain*.  I tied  a lump  of 
plafter-ftone,  weighing  two  ounces, 
to  the  end  of  a pair  of  fcales,  and 
kept  it  fufpended  in  the  middle  of  a 
pail  of  water  for  48  hours,  the  water 
having  been  changed  two  or  three 
times  in  the  interval  ; at  the  end  of 

the 

* Res  gypfo  cognata  lapis  fpecnlaris — fert 
calores  folis  et  hyemis  frigora,  led  imbrium 
adeo  impatiens  eft,  ut  ft  vel  magna;  ejus  moles 
ipfts  fuerint  expofttx  comimpantur.  Agile, 
«de  Nat,  Foil.  L.  v,  Ed.  Baft  1546, 
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the  experiment,  it  appeared,  that 
the  plafter  ftone  had  loft  one  thir- 
tieth of  its  weight. 

There  are  many  places  in  England, 
where  plafter-ftone  is  gotten  in  great 
abundance,  the  principal  of  thofe 
which  I have  feen,  are  at  Chelajtcn, 
a fmall  village  about  four  miles  fouth 
from  Derby,  and  at  Beacon- Hill  near 
Newark.  They  annually  rail’e  at 
Chelafton  about  800  tons  of  plafter- 
ftone,  which  is  fold  upon  the  fpot  for 
5s.  a ton.  It  is  chiefly  ufed  for  the 
making  of  floors  in  Derbyfhire,  Lei- 
cefterfhire,  and  Nottinghamlhire  : 
that  which  has  a blueifh  caft  is  moft 
efteemed  for  flooring  ; the  very  white 
pieces  are  fold  to  the  potters  ; to  the 
poljfhers  of  fpar,  who  call  it  ala- 
bafter  (though  they  get  their  bell  fort 
of  aiabafter  from  Staffordlhire) ; and 

to 
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to  the  plafterers.  The  plafter-ftone 
before  it  is  ufed,  either  for  floors  or 
ceilings,  is  calcined;  it  lofes  in  that 
operation,  from  4 to  6 hundred 
weight  in  a ton;  the  lofs,  however, 
in  the  fame  kino  of  ftone,  depends 
very  much  upon  the  degree  of  heat 
with  which  it  is  calcined.  I calcin- 
ed, in  the  fame  crucible,  a piece  of 
Derbyfhire  watricle,  a piece  of  fine 
grained  plafter-ftone,  and  a piece  of 
the  ftriated  kind  from  Ch  el  aft  on. 
1 he  watricle  loft  after  the  rate  of  8 c. 

3 q-  1 7 ^ a ton  ; the  plafter-ftone 

loft  after  the  rate  of  12  c.  oq.  g 15. 
and  the  ftriated  kind  after  that  of 
10c.  o cp  2 lb.  in  a ton.  When  the 
ftone  is  calcined,  thofe  parts  of  it 
which  are  expofed  to  the  greateft 
heat,  are  fbmetimes  melted,  and  they 

frequently  acquire  a yellowi/h  caih 
6 . . 
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and  emit  a fulphureous  exhalation, 
and  are  in  both  cafes  thrown  afide  as 
ufelefs.  The  flooring  made  from 
the  ftones,  which  are  become  fulphu- 
reous by  calcination,  is  apt  to  rife 
in  blifters.;  this  proceeds  from  the 
pi  after- ftone  having  loft  a portion 
of  the  vitriolic  acid,  which  enters  in- 
to its  compofition,  and  being  thereby 
changed  into  a fpecies  of  lime.  They 
calcine  the  ftone  ufually  at  night, 
that  they  may  be  the  better  able  to 
obferve  when  it  becomes  red  hot,  in 
which  ftate  they  judge  it  to  have  re- 
ceived heat  enough.  After  calcina- 
tion they  reduce  it  to  a powder,  by 
threfhing  it  with  flails,  or  grinding  it 
in  a mill  i and  when  it  is  become  of 
a due  finenefs,  they  mix  it  with  a 
proper  quantity  of  water,  and  fpread 
it  to  the  required  thicknefs  upon 

reeds. 
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Teeds,  where  it  immediatelyconcretes 
into  a folid  floor ; 30  hundred  weight 
of  the  crude  flone  will,  when  cal- 
cinedj  make  20  fquare  yards  of  floor- 
ing of  2 1 inches  in  thicknefs.  For 
preparing  the  flone,  and  .{hooting 
the  floor,  the  Derbyfhire  mafons 
charge  pd.  a fquare  yard;  hence  20 
Square  yards  of  pi  after  flooring,  in- 
cluding the  price  of  the  flone  at  the 

pits,  will  coft  il.  2 s 6 d. -The 

additional  expence  mull  be  various, 
it  depending  upon  the  price  of  the 
conveyance  of  the  crude  flone,  from 
the  place  where  it  is  dug,  to  the 
place  where  it  is  ufed.  Plafler-  flone, 
however,  is  found  in  fo  many  parts  of 
the  kingdom,  and  the  inland  naviga- 
tions are  become  fo  commodious^ 
that  plafler  flooring  might  be  intro- 
duced into  many  countries  with  a 
vol.  ir.  U 


co  n- 


( 3««  ) 

eonfiderable  faving  of  expence.;  a 
circumftance  efpecially  to  be  attend" 
ed  to  in  the  erection  of  public  infir- 
maries, and  houfes  of  induftry. 

They  have  fawn  out  of  the  quarry 
at  Chelafton,  fquare  blocks  of  a yard 
in  breadth  and  thicknefs,  and  of  two 
yards  in  length ; and  blocks  of  dill 
greater  dimenfions  have  been  raifed 
at  a place  called  Red-hills , in  the 
county  of  Nottingham,  about  four 
miles  from  Chelafton.  The  done  from 
the  red-hills  is  not  fo  good  for  floor- 
ing, as  that  at  Chelafton;  ic  is,  how- 
ever, a very  beautiful  done,  Lord 
Scarjdale  having  gotten  from  thence 
thofe  fuperb  columns  which  adorn  his 
hall  at  Kedlejion.  Thefe  columns  are 
made  of  different  blocks,  from  2 or 
3,  to  6 or  8 feet  in  height,  which  are 
fo  artfully  cemented  together,  that 

they 
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they  may  be  taken  for  one  piece; 
The  blocks  are  raifed  out  of  the’ 
quarry,  by  being  fawn  to  the  proper 
length  on  each  fide,  and  to  the  deptli 
requifite  for  the  thicknefs  of  the  co- 
lumn, the  block  Hill  adhering  by. 
its  lower  furface,  to  the  quarry,  is 
broken  oft  from  thence  by  being 
raifed  on  each  fide  with  levers.  It 
is  afterwards  rounded  into  the  pro- 
per cylindric  form  by  the  mallet  and 
chifel,  and  polifbed  by  being  rubbed 
with  various  kinds  of  (tones,  then 
with  emery,  and  laft  of  all  with: 
putty.  If  the  veins  of  the  feparate 
blocks  which  are  to  compofe  the 
fhaft  of  an  alabafter  column,  of  the 
kind  we  are  fpeaking  of,  do  not 
happen  to  fuit  each  other;  in  order 
to  make  the  jun£hire  lefs  difcerni- 
ble,  and  to  give  a greater  appearance 
u 2 of 
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of  confidence  to  the  whole  co- 
lumn, fmall  pieces  are  here  and 
there  cut  out  of  the  feparate  blocks, 
and  others  of  a different  colour  in- 
ferted,  and  cemented  by  a mixture 
of  rofln  and  bees-wax,  tinged  green, 
red,  brown,  yellow,  according,  to 
the  nature  of  the  piece  to  be  inferted. 

Alabafter  columns,  though  they 
are  much  eafier  to  be  wrought  than 
marble,  and  when  finely  polifhed 
look  very  well,  yet,  I apprehend, 
their  polifh  muff  be  injured  by  a cir- 
cumdanCe  which  does  not  affe£i  either 
marble  or  calcareous  alabafter.  The 
atmofphere  is  always  much  charged 
with  humidity,  upon  the  breaking 
up  of  a frod,  and  in  other  dates  of 
the  weather,  fo  much  water  is  dis- 
charged from  the  air,  that  marble, 

wain- 
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wainfcot  and  other  fubftances  upon 
which  it  fettles,  are  faid  to  fweat. — * 
Now  the  water  which  thus  fettles  on 
a gypfeous  alabafter  column,  will  dif- 
folve  part  of  the  fubftance  of  the  co- 
lumn, and  as  fome  parts  of  the  ala- 
bafter, are  more  foluble  than  others, 
the  uniformity  of  its  furface  will  be 

4 

injured;  and  the  part,  moreover,  of 
the  alabafter  which  has  been  dilfolv- 
ed,  will,  upon  the  evaporation  of  the 
water,  either  not  adhere  at  all  to  the 
column,  or  it  will  adhere  in  ftich  a 
way,  as  to  render  the  polilli  lefs 
glefty.  But  whether  this  account  of 
the  matter  be  admitted  or  not,  the 
fad,  I believe,  of  the  polilli  of  gyp- 
feous alabafter  being  injured  by  moift 
weather,  is  not  to  be  denied.  The 
alabafter  columns  in  the  Egyptian 
Hall  at  Bolkam , were  dug  from  the 
v 3 quar- 
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quarries  in  Staffordfhire,  and  the  late 
Lord  Leicejier  was  at  the  trouble  of 
contriving  means  to  keep  them  dry 
in  moift  weather,  left  their  polifh 
fhould  be  impaired  by  the  adtion  of 
the  moifture. 

They  annually  raife  about  2000 
tons  of  plafter-ftone  at  the  pits  near 
Newark ; it  is  fold  on  the  fpot  at 
5s.  6d.  and  atGainfborough  at  8s.  6d. 
•a  ton,  from  whence  it  is  fent  to 
London  and  various  other  places. 

It  having  been  faid,  that  plafter- 
ftone  is  a faline  fubftance  refulting- 
from  an  union  of  the  acid  of  vi- 
triol with  a calcareous  earth,  the 
reader  may  expert  fome  proof  of  the 

affertion. Boil  together  pot-afn 

and  plafter-ftone,  and  you  will  obtain 
the  fame  kind  of  fait,  which  would 
arife  from  uniting  the  acid  of  vitriol 

■ * with 
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wirh  pot-afh;  and  thence  we  con- 
clude, that  the  acid  of  vitriol  is  one 
of  the  component  parts  of  plafter- 
ftone : that  calcareous  earth  is  the 
other,  is  evident  from  this  confidera- 
tion,  that  the  earth,  which  remains 
after  the  acid  of  vitriol  has  been  fe- 
parated  from  the  plafter-ftone,  effer- 
vefces  with  acids,  and  may  be  burn- 
ed into  lime. 

Having  faid  fo  much  concerning 
gvpfeous  alabafter,  which  is  an  earthy 
fait  refulting  from  an  union  of  the 
acid  of  vitriol  with  a calcareous  earth  5 
it  may  not  be  improper  to  add  a 
word  or  two  concerning  alum>  which 
is  an  earthy  fait,  compofed  of  the 
acid  of  vitriol  and  an  argillaceous 
earth.  The  acid  of  vitriol  --when 
united  with  any  earth,  may  be  fepa-*- 
rated  therefrorp  by  a fixed  alkali*  and 
< u 4 if 
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if  we  pour  into  a folution  of  alum 
any  fixed  alkali,  the  earth  of  alum 
will  be  precipitated,  and  we  fhall 
obtain  a fait,  of  the  fame  kind  as 
would  refult  from  a direct  combina- 
tion of  that  alkali  with  the  acid  of 
vitriol ; and  thence  it  is  inferred, 
that  the  acid  of  vitriol  is  one  of  the 
component  parts  of  alum:  upon 
examining  the  earth,  which  is  preci- 
pitated by  the  alkali,  it  will  be  found 
to  be  very  white,,  and  very  tenacious,, 
and  to  be  capable  of  being  hardened 
in  the  fire ; in  fhort,  it  is  one  of  the 
pureft  clays  in  nature:  and  thence 
it  is  concluded  that  an  argillaceous 
earth  is  the  other  component  part  of 
alum.  The  conflituent  parts  of  alum 
may  alfo  be  proved  by  its  artificial 
compofition,  for  though  the  vitriolic 
acid,  when  poured  upon  pipe-clay, 

does 
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does  not  feem  to  a<5t  upon  it,  yet  if 
it  be  boiled  with  it,  a folution  of  the 
clay  in  the  acid  takes  place,  and  an 
alum  may  be  obtained  by  flowly  eva- 
porating the  folution. 

Being  one  day  engaged  in  evapo- 
rating fomething  or  other,  from  a 
faucer  made  of  the  Staffordshire  yel- 
low ware,  I was  furprifed  to  fee  a 
white  fubftance  bubbling  through  a 
crack  in  the  faucer ; upon  lading  it 
I found  it  to  be  a fait ; I collected  a 
Sufficient  quantity  of  it,  and  when  it 
was  diffolved  and  cryftallized,  it  ap- 
peared to  be  a perfect  alum.  The 
hre  was  a very  hot  one,  and  it  Was 
made  of  coal  cinders;  the  faucer  was 
placed  on  the  bar  of  the  grate,  and 
the  alum,  I conceive,  was  formed 
from  the  JulphureGiis  acid  of  the  cin- 
ders uniting  itfelf  with  l\v^day}  which 

enters 
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enters  into  the  compofition  of  the 
yellow  ware.  I have  been  informed 
by  a very  intelligent  perfon,  that  the 
vapour  which,  in  fome  places,  efcapes 
from  the  coal-pits  which  are  on  fire 
in  Staffordfhire,  forms  an  alum  where- 
ever  it  meets  with  an  argillaceous 
earth.  This  is  very  conformable  to 
the  manner  of  making  alum  on  the 
Solfatara  near  Naples,  where  they 
place  little  heaps  of  argillaceous  earths, 
or  ftones,  over  the  crevices  from 
which  the  fulphureous  vapour  ifiues, 
in  order  that  they  may  colled:  a 
greater  quantity  of  alum*. 

In  England  we  make  alum  from 
a black  flaty  fubftance,  called  Jhale> 
this  fubftance  is  a clay,  hardened 
into  a ftony  confidence,  and  fo  much 

im- 

* Lett,  fur  la  Miners,  par  M.  Feiber, 
French  Tran f.  p.  a6i. 
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impregnated  with  bitumen,  that  it 
burns  fomewhat  like  coal.  We  have 
feen,  that  coal  emits,  when  it  is  in  the 
Hate  of  a red-hot  cinder,  a fulphu- 
reous  acid  : many  other  bitumens, 
probably,  in  the  fame  Hate  emit  the 
fame  acid,  and  the  acid  which  is 
emitted  from  fhale  during  its  calci- 
nation, uniting  itfelf  to  the  argillace- 
ous earth  of  the  fhale,  forms  alum. 
About  120  tons  of  calcined  fhale, 
will  make  i ton  of  alum.  The  fhale, 
after  being  calcined,  is  fteeped  in 
water,  by  which  means  the  alum, 
which  is  formed  during  the  calcina- 
tion of  the  fhale,  is  diffolved ; this 
diffolved  alum  undergoes  various 
operations,  before  it  is  formed  into 
the  alum  of  the  fhops.  The  greatefl 
alum  works,  and,  I believe  the  only 
ones  which  now  fubfift.  in  the  king- 
dom. 
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dom,  are  at  Whitby;  a few  years  ago 
there  were  fame  in  Lancaff'ire;  and 

alum  might  be  made  in  many  other 
parts  j but  Whitby  is  fo  conveniently 
fituated  for  coal  and  water  carriage, 
that  alum  can  be  there  afforded  at 
a cheaper  rate  than  in  moft  other 
places,  and  it  cofts  even  there  9 or 
iol.  a ton  making. 
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Took  96  ounces  of  Newcafik 


coal,  and  putting  them  into  an 
earthen  retort,  diftilled  them  with  a 
fire  gradually  augmented  till  nothing 
more  could  be  obtained  from  them. 
During  the  diftillation  there  was 
frequent  occafion  to  give  vent  to  an. 
elaftic  vapour,  which  would  other- 
wife  have  burft  the  veflfels  employed 
in  the  operation.  The  weights  of 
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the  liquid  found  in  the  receiver,  and 
of  the  refiduum  remaining  in  the  re- 
tort, after  the  diftillation  was  finifhed, 

were  accurately  taken,  and  are  ex- 
# * 

preffed  in  the  following  table. 

Weight  of  Newcafile  pit-coal  dif- 
tilled  - - 96  ounces 


r Liquid  - 12 

W;S,althe  - 56 

LLofs  of  weight  28 


bounces. 


9(\ 

Profelfor  Newmann  analyfed,  by 
diftillation,  the  bell  fort  of  the  pit- 
coal  found  at  Halle , in  Germany.  He- 
ufed  only  48  ounces  in  his  analyfis,' 
but  1 have  expreffed  the  refult  of  his 
operation,  upon  the  fuppofition  of 
his  having  ufed  twice  as  much,  or 
96  ounces*. 

Weight 

* Newmann’s  Chcm.  by  Lewis,  p.  2 45. 
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Weight  of  the  Halle  pit-coal  dif- 

96  ounces 


tilled 


Weights  of  the 
products. 


"Liquid  - 12 

Refiduum  - 834  ounces# 
Lofs  of  weight  of 

96 

Dr.  Venel,  of  Montpellier,  analyfed, 
by  diftillation,  64  ounces  of  the  pit- 
coal  of  Alais  in  Languedcc  •,  fuppofing 
that  inftead  of  64  he  had  ufed  96 
ounces,  the  refult  of  his  analyfis 
would  have  been  expreffed  by  the 
following  numbers* : 

• Weight 


* Inftru&ions  fur  I’Ufage  de  la  Houille. 
A*  Avignon,  j 775,  p.  45. 
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Weight  of  Alais  pit- coal  diflil- 
led  - - - 96  ounces. 


Weights  of  the 
produ&s. 


Liquid  - 10  £•+  "1 

Reliduum  - 84  lounces^ 
Lofs  of  weight  ii- — J 


96 


X 


M.  Sage , of  the  Academy  of 
Sciences  at  Paris,  fays  that  he  has 
diddled  various  fpecimens  of  pit- 
coal,  taken  from  different  places,  and 
that  they  generally  yielded  2 ounces 
of  liquid  from  16  ounces  of  coal  % 
that  is  12  ounces  from  96;  which  is 
the  fame  proportion  as  in  the  ana- 
lyfis  of  the  Newcaftle  and  Halle  pit- 
coal.  He  does  not  mention  the 
weights  of  the  refiduums,  fo  that 

the 


*•  Eleraens  de  Mineralogie.  A Paris,  I77$J 
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the  lofles  of  weight,  in  his  diftilla- 
tions,  cannot  be  afcertained. 

Thefe  leveral  analyfes  correfpond 
fo  nearly,  with  refpedl  to  the  quan- 
tity of  liquid  procurable  from  dif- 
ferent forts  of  coal,  that  they  very 
much  confirm  one  another;  and 
make  it  probable,  that  we  fnall  not 
be  far  from  the  truth  in  generally 
afferting,  that  pit-coal  contains  one- 
eighth  part  of  its  weight  of  liquid. 

With  refpedf;  to  the  nature  of  the 
liquid,  it  may  be  obferved,  that 
when  poured  out  of  the  receiver,  it 
is  feen  to  confifl:  of  three  different 
fubltances : (i)  The  middle  part  is 
an  acid  watery  fluid,  of  a reddifh 
colour,  it  feems  as  if  it  was  loaded 
with  oil,  and  it  finells  of  volatile 
alkali  : (2)  On  the  furface  of  this 
watery  fluid  there  floats  a fmall  por- 
vol.  11.  X tion 
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tion  of  oil,  more  or  lefs  liquid  and 
tranfparent,  according  as  the  heat 
ufed  in  conducting  the  diftillation 
has  been  lefs  or  greater:  (3)  At  the 
bottom  there  is  found  a black  thick 
tenacious  oil,  very  much  refembling 
tar.  The  two  oils  together  amounted 
in  the  diftillation  of  the  Newcaftle 
coal  to  four  ounces,  or  one'^third 
of  the  weight  of  the  whole  liquid  in 
the  analyfis  of  the  Halle  and  Alais 
coals,  as  well  as  in  the  experiments 
of  M.  Sage,  the  two  different  forts 
of  oils  were  obfervable,  but  they' 
bore  a greater  proportion  to  the 
whole  of  the  liquid,  than  in  the 
Newcaftle  coal,  amounting  to  one 
half  of  the  weight  of  the  liquid. 
This  difference  makes  me  fufpeft 
that  I committed  fome  error,  in  efti- 
mating  the  quantity  of  oil  obtained 

from 
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rroin  the  difldllation  of  Newcaftle 
coal.  It  is  probable,  however,  that 
the  quantify  of  oil  feparable  from 
the  fame  kind  of  coal,  may  be  in- 
fluenced, in  fome  degree,  by  the 
manner  of  performing  the  operation ; 
and  there  is,  moreover,  fome  reafon 
to  believe,  that  in  different  kinds 
of  coal  the  quantities  of  oil  may  be 
very  various;  as  we  obferve  rhem  to 
differ  from  each  other  both  in  their 
pronenefs  to  catch  fire,  and  in  their 
ability  to  fupport  it:  though  it  mufl 
be  owned,  that  both  thefe  effetfs 
may  as  confidently  be  explained, 
from  the  difference  of  the  manner 
in  which  the  oil  may  be  combined 
with  the  other  principles  of  the 
coal,  as  from  the  difference  of  its 
quantity. 


x 2 
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The  correfpondence,  with  refpeft 
to  the  quantity  of  liquid  obtained 
by  the  feveral  diftillations  of  Englifh, 
German  and  French  pit-coal,  would 
induce  one  to  fuppofe  that  the  expe- 
riments had  been  refpectively  made 
with  great  accuracy;  but  the  great 
difparity,  as  to  the  quantity  of  the 
refidues  remaining  after  the  extrac- 
tion of  the  liquid,  feems  to  indicate 
the  contrary;  for  it  is  greater,  I ap- 
prehend, than  can  be  accounted  for 
from  the  different  natures  of  the 
coals.  The  German  and  French 
analyfes  corroborate  each  other,  and 
the  reader  may  thence  reafonably  be 
difpofed  to  queftion  the  truth  of 
mine.  He  will  permit  me,  however, 
to  produce  a teflimony  in  its  fupport, 
and  which  is,  perhaps,  the  more  to 
• be 
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be  depended  on,  as  I was  not  .aware 
of  it  when  the  analyfis  was  made. 

Dr.  Hales*,  by  dirtilling  1^8 
grains  of  Newcaftle  coal,  obtained 
51  grains  of  air.  From  96  ounces 
he  would,  according  to  the  fame  pro- 
portion, have  obtained  30  ounces 
of  air ; now  the  difference  be- 
tween 28  ounces  of  fome  fort  of 
matter  or  other  which  was  loft  dur- 
ing my  diftillation  of  96  ounces  of 
coal,  and  30  ounces  of  air,  which 
might  have  been  obtained  from  the 
lame  quantity  of  coal  by  Dr.  Hales' 
method,  is  fo  fmal},  that  it  may 
eafily  be  accounted  for  from  the 
different  modes  of  operating,  or 
from  a flight  difference  in  the  quali- 
ties of  the  coals.  Many  naturalifts 
have  thought  that  pit-coal  has  been 

x 3 pro- 

* Vegetab.  Stat. 
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produced  from  vegetables,  and  efpe- 
cially  from  forefts  of  refinous  woods* 
which  have  been  buried  in  the  bowels 
of  the  earth;  without  entering  into 
all  the  reafons  on  which  this  opinion 
is  founded,  I will  lay  before  the 
reader  an  account  of  the  produces 
obtainable  from  different  woods  by 
diftillation. 

The  woods  which  I diftilled  were 
heart  of  Oak,  Box,  Mahogany , and 
Sallow.  They  were  all  dry  and  old, 
and  were  cut  into  fmall  pieces,  about 
half  an  inch  fquare,  before  they  were 
put  into  the  earthen  retort.  The 
annexed  table  fhews,  at  one  view, 
the  refult  of  the  refpedtive  di fol- 
iations. 


Heart 
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Heart  of  Oak. 
Weight  diftilled,  96  0 z. 

Box. 

96 

Mah. 

96 

Sail. 

96 

Liquid  - - 37.. 

Kefiduum  - - 30 

Lofs  of  weight  - 2S| 

6i§ 

26? 

8 

33! 

0 7 X. 
~ / 2 

35 

48 

20f 

27§ 

96 

96 

96 

96 

The  liquids  feparable  from  woods 
by  diflillation,  confift  partly  of  oil, 
but  principally  of  water  impregnated 
with  an  acid,  from  which  alfo  a vo- 
latile alkali  may  be  aifengaged.  The 
oil  varies  in  quantity  according  to 
the  nature  of  the  wood,  the  hardeft 
woods,  and  the  hardeft  parts  of  the 
fame  wood  abounding  moft  in  oil; 
thus  both  oak  and  box  contained, 
in  the  fame  weight  of  the  wood, 
more  oil  than  fallow  did.  That  part 
of  the  oil  which  is  firft  feparated 
from  the  wood  is  fo  light  as  to  float 
x 4 upon 
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upon  water,  and  of  a yellowifh  co- 
lour •,  its  quantity,  however,  is  but 
final),  compared  with  that  of  the 
thick,  black,  heavy  oil,  which  fol- 
lows it.  It  appears  from  this  ac- 
count, that  the  quality  of  the  liquid 
feparable  from  wood  by  diftiilation, 
is  wholly  the  fame  with  that  of  the 
liquid  feparable  from  pit-coal  by  the 
fame  means. 

The  matter  which  is  loll  during 
the  diftiilation  of  both  wood  and 
pit-coal  has  been  called  air,  and  it 
certainly  has  one,  at  leaft,  of  the 
moft  diftinguifhing  properties  of  air 
— 'permanent  elafiicity,  for  bladders 
may  be  inflated  with  it  as  with  com- 
mon air.  It  does  not  begin  to  be 
feparated  from  either  wood  or  coal 
till  the  lighter  of  the  two  oils  begins 
to  appear;  it  then  ruflies  out  with 
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great  violence,  and  unlefs  a proper 
vent  be  given  to  it,  the  ftrongeft 
vefiels  will  be  burft  by  it. 

In  diftilling  heart  of  oak,  during 
the  courfe  of  chemical  ledlures  which 
I read  in  the  univerfity  of  Cam- 
bridge, in  the  year  1767,  I remark- 
ed to  the  audience,  that  the  air 
which  iflued  with  great  violence 
from  the  oak  was  inflammable,  not 
only  at  its  firft  exit  from  the  diftil- 
ling veflel,  but  after  it  had  been 
made  to  pafs  through  two  high 
bended  glafs  tubes,  and  three  large 
veflels  of  water.  I at  firft  fuppofed 
the  inflammability  to  proceed  from 
fome  oily  particles  which  had  ac- 
companied the  air,  and  which  I 
thought  would  foon  be  condenfed 
by  the  could,  though  they  had  not 

been 
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been  condenfed  in  pafli  ng  through 
the  water;  but  upon  repeating  the 
experiment,  and  colledting  the  air 
in  bladders,  I found  that  it  retained 
its  inflammability  a long  time,  and 
burned  like  the  air,  feparable  from 
fome  metals  by  folution  in  acids. 

From  the  refearches  which  have 
been  lately  made  on  this  fubject,  it 
is  now  believed,  that  this  kind  of 
air  may  be  feparated  from  all  vege- 
table, animal,  and  inflammable  mi- 
neral fubftances  by  diftillatibn ; and 
the  common  burning  of  wood,  coal, 
paper,  pitch,  oil,  and  other  com- 
bufbible  bodies,  is  attributed  to  this 
air,  which  being  feparated  from  the 
body  by  the  heat,  and  inflamed  by 
the  contadt  of  the  fire,  continues  to 
burn  as  long  as  the  body  continues 

to 


(.  33*  ) 

to  afford  a proper  fupply  of  it.  In- 
flammable  air,  confidered  in  this  view, 
bears  a great  refemblance  to  what 
the  chemifts  have  hitherto  under- 
flood by  their  phlogiflon,  or  food  of 
fire. 

Diftillation  is  not  the  only  means 
of  feparating  inflammable  air , from 
vegetable  and  animal  fubflances,  it 
is  found  to  be  produced  by  putre- 
faction. Stagnant  waters,  whofe  bot- 
toms are  covered  with  putrefying 
vegetables,  yield  an  inflammable  air  j 
the  Ihames  water,  in  becoming  pu- 
trid, yields  an  inflammable  air:  and 
the  fame  obfervation  may,  probably, 
be  true  of  other  river  waters  which 
are  fubject  to  putrefaction.  An  in- 
flammable air  has  been  obferved  alfo 
in  fwampy  grounds,  in  cellars,  and  in 
privies.  There  are  many  inflances  re- 

• corded. 
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corded,  of  a vapour  ifluing  from  the 
ftomachs  of  dead  perfons,  which  took 
fire  on  the  approach  of  a candle* 
the  matter  producing  that  vapour 
could  not,  probably,  become  putrid 
enough  in  the  ftomach,  to  generate 
an  inflammable  vapour,  whilft  tht 
perfons  were  alive  for  Van  Belmont 
has  remarked,  that  the  air  difcharged 
from  the  ftomach  by  erudtation,  is 
not  inflammable,  but  that  it  be- 
comes fo  in  the  lower  inteftinesf. 

From 

* Collect.  Acad.  Tom.  III.  Part  Etrang. 
p.  16. 

f Ru£his  five  flatus  originalis  in  Jiomacho , 
prout  et  flatus  Ilei  extinguant  flammam  can- 
delas. Stercorcus  autem  flatus,  qui  in  ultimis 
formatur  inteftinis,  atque  per  anum  ernmpit, 
tranfmiflus,  per  flammam  candela;  tranfvo- 
lando  accenditur,  ac  flammam  diverficolo- 
rem,  iridis  inflar  exprimit.  Van  Helmont, 
Oper.  j>.  405. 
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From  heart  of  oak  moderately 
dried,  Dr.  Hales  got  one  third  of  the 
weight  of  the  oak  of  the  air  here 
fpoken  of ; this  proportion  fuffici- 
ently  agrees  with  the  quantity  which 
was  loft  during  the  forementioned 
diftillation  of  oak. 

A cubic  foot  of  dry  box-wood 
weighs,  according  to  Mr.  Cotes’  ta- 
ble of  fpecific  gravities,  1030  ounces; 
hence,  fuppofing  that  96  ounces  of 
fuch  wood  had  only  given  61  ounces 
of  liquid,  it  may  appear  by  an  eafy 
calculation,  that  a cubic  foot  of  dry 
box-wood  contains  above  5 gallons 
of  liquid  ; fuppofing  the  liquid  to  be 
no  heavier  than  water;  and  if  we 
admit  the  oil  and  the  acid,  when  con- 
centered, to  amount  to  two  quarts, 
the  other  1 8 quarts  may  be  looked 
upon  as  pure  water;  nay,  the  quan- 
tity 
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tity  of  water  may  be  oonfidered  as 
amounting  to  almoft  the  whole  of 
the  liquid,  fince  both  acids  and  oils 
principally  confift  of  water. 

A cubic  foot  of  fallow  weighs, 
according  to  Mufchenbroek,  585 
ounces,  and  fuppofing  that  96  ounces 
of  fuch  wood  would  yield  by  diftil- 
lation  48  ounces  of  liquid,  then  a 
. cubic  foot  would  contain  about  9 
quarts  of  liquid,  which  is  not  half 
fo  much  as  an  equal  bulk  of  box- 
wood contains. 

I put  the  matter  in  thefe  different 
lights,  in  order  to  excite  thofe  who 
have  leifure  to  make  fimilar  inqui- 
ries, for  it  is  undoubtedly  a very 
wonderful  thing,  that  fuch  large 
quantities  of  watery  and  airy  Ihould 
be  combined  with  the  earth  of  wood, 
by  fuch  a peculiar  bond  of  union  as 

to 
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to  remain  for  ages  without  lofing 
any  of  their  diftinguifhing  proper- 
ties. And  here  I am  fenflble  is  great 
room  for  many  phyfical  inveftiga- 
tions.  — Are  the  denfefl:  woods  the 
mofb  abundant  in  air  and  water?  Is 
the  air  generated  by  the  procefs  of 
d filiation,  or  only  difengaged  from 
the  wood,  into  the  compofition  of 
which  it  had  entered,  together  with 
water,  by  vegetation  ? Have  the  in* 
flammable  airs,  feparable  from  differ- 
ent woods  by  diftillation,  the  fame 
fpecific  gravity  and  the  fame  degree 
of  inflammability  ? Or  is  the  inflam- 
mability influenced  by  the  nature  of 
the  oil  contained  in  the  wood  ? How 
long  will  a given  quantity  of  air  re- 
tain its  inflammability?  Does  it  lofe 
it  in  confequence  of  the  'precipitation 
°f  Jome  oily  particles , which  are  dif- 

folved 
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folved  in  it,  when  it  is  fir  ft  diftilled? 
As  no  particle  of  matter  can  be  an- 
nihilated, what  becomes  of  the  in- 
flammable air,  after  it  has  been  in- 
flamed ? Is  it  reduced  to  an  unelaflic 
earth , or  does  it  ftill  exift  under  the 
form  of  an  uninflammable  elaftic 
fluid?  Whence  is  it  that  no  air  begins 
to  be  diftilled,  till  the  moft  volatile 
part  of  the  oil  begins  to  be  feparated 
from  the  wood?  Fraxbiella  is  a very 
odorous  plant;  when  in  full  bloflom, 
the  air  which  furrounds  it  in  a ftill 
night,  may  be  inflamed  by  the  ap- 
proach of  alighted  candle:  Does  this 
inflammability  proceed  from  an  in- 
flammable air,  which  is  exhaled  by  the 
plant, or  from  fome  of  the  finer  particles 
of  the  oil  of  the  plant,  being  dijfolved 
in  the  common  air  of  the  atmofphere? 
Whence  is  it  that  the  oils  diftilled 

from 
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from  wood,  during  the  fame  opera- 
tion, are  -of  different  colours,  con- 
liffenoies,  and  fpecific  gravities  ? Does 
this  variety  depend  upon  the  lofs  of 
the  air,  or  upon  the  quantity  of  the 
acid  mixed  with  the  oils  ? Are  the 
oils  and  acids  of  different  woods  <3 if- 
tinguifhable  from  one  another,  by 
any  fpecific  differences,  or  do  they 
only  differ  from  one  another  as  to 
more  or  lefs  ? Suppofing  the  acids 
obtained  from  different  woods  to  be 
of  the  fame  fort,  and  to  be  purified 
to  the  greateft  degree,  what  kind  of 
falts  would  they  form,  when  united 
with  alkalies,  earths,  and  metallic 
fubflances  ? In  what  manner  are  the 
relative  proportions  of  the  water, 
acid,  oils,  air  and  reliduum  feparable 
from  wood  by  diftiilation,  influenced 
vol.  ii.  Y ' by 
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by  the  operation  being  conduced 
with  a quick  or  a flow  fire  ? 

Thefe,  and  a great  many  fimilar 
queftions,  might  be  refolved  with  the 
greateft  accuracy,  and  our  know- 
ledge be  thereby  much  advanced. 
But  it  falls  to  the  lot  of  few  to  be 
able  to  build  commodious  Elabora- 
tories,  to  purchafe  fuitable  inftru- 
ments,  to  fupply  proper  materials, 
and  to  maintain  operators  to  execute 
the  infinite  variety  of  experiments 
which  might  be  devifed,  for  the  re- 
gular and  fyftematic  improvement 
of  every  branch  of  Chemiftry. 

The  refidue  remaining  in  the  re- 
tort, after  the  diftillation  of  the  wood, 
is  a perfedt  charcoal,  and  that  which 
remains  after  the  diftillation  of  pit- 

coal,  is  a light  fpungy  mafs,  in  ap- 
pearance. 
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pearance,  and,  indeed,  in  quality, 
refembling  a fubftance  prepared  from 
pit-coal,  as  an  article  of  trade,  and 
which  is  ufually  called  coak  or  tinder. 

At  Neweajile  24  barrows  of  coals 
produced  generally  but  18  barrows  of 
cinders,  and  the  price  of  a bufliel,  or 
of  any  other  meafure  of  cinders,  is 
commonly  one  third  more  than  the 
price  of  the  fame  meafure  of  coals  *m 
At  Cambridge. , on  the  contrary,  where 
great  quantities  of  cinders  are  pre- 
pared for  the  drying  of  malt  in  the 
town  and  neighbouring  villages,  the 
price  of  cinders  and  of  coals  is  the 
fame.  From  this  circumftance  it 
might  probably  be  inferred,  that  the 
coal  -was  increafed  in  bulk  by  being 
converted  into  cinder,  otherwife  the 
Merchant  would  have  no  compenfa- 

y 2 tion 

* Voy,  Metal,  par  M.  Jars.  p.  211. 
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tion  for  the  expence  attending  the 
procefs.  Upon  examining  the  fad, 
I found  that  in  one  inftance  30 
buihels  of  coal  gave  39  buihels  of 
cinders,  and  in  another  28  buihels  of 
coal  gave  36  buihels  of  cinders.  The 
quantity  of  cinders,  being  eftimated 
by  meafure , depends  much  upon  the 
cinders  being  in  rounder  lumps  than 
the  coals  ; and  the  real  quantity, 
eftimated  by  weight,  depends  greatly 
•upon  the  degree  of  heat  to  which  the 
cinder  has  been  expofed.  I take  the 
difference  in  the  bulks  of  the  New- 
caftle  and  Cambridge  cinder,  pro- 
curable from  an  equal  quantity  of 
coals,  to  proceed  from  the  different 
degrees  of  heat  to  which  they  are  ex- 
pofed; the  Cambridge  coak  ovens 
being  drawn  once  in  24  hours,  and 

thofe 
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thofe  at  Newcaftle  only  once  in  48 
hours,  or  thereabouts. 

In  order  to  fee  whateffed:  a longer 
continuation  of  fire  would  have  up- 
on the  ordinary  Cambridge  cinder, 
I took  a large  piece,,  and  having 
broken  it,  threw  one  part  of  it  into 
the  middle  of  a fierce  cinder  fire,  em- 
ployed in  the  drying  of  malt.  This 
part  became  -red  hot  in  lefs  than  ten 
minutes ; after  it  had  continued  in 
that  fituation  for  above  two  hours,  I 
took  it  out,  and  when  it  was  cold  I 
found  it  confiderably  wafted  in  bulk, 
but  it  appeared  to  be  harder  and 
blacker  than  the  other  part  of  the 
fame  piece,  and  its  parts  were  cer- 
tainly more  condenfed ; for  I found 
that  a cubic  foot  of  the  ordinary  cinder 
weighed  1090  ounces,  and  a cubic 
foot  of  that  which  had  been  expofed 

Y 3 to 
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to  the  fire  for  two  hours,  weighed 
1208  ounces.  This  cinder  was,  pro- 
bably, as  much  changed  in  the  fpace 
of  two  hours,  by  the  ftrong  draught 
of  the  fire  in  which  it  was  put,  as  it 
would  have  been  by  a much  longer 
continuance  in  the  coak  oven,  where 
the  draught  of  air  is  very  little  : and 
from  this  experiment  it  may  be  in- 
ferred, that  the  quantity  of  cinders 
procurable  from  a definite  quantity 
of  coals,  depends  very  much  upon 
the  ftrength  and  continuance  of  the 
fire,  fince  the  cinder,  after  it  is  fully- 
formed,  is  not  only  wafted  in  part  by 
a longer  continuance  in  the  oven,  but 
the  part  which  remains  is  rendered 
more  denfe,  and  upon  both  accounts 
the  quantity,  eftimated  by  meafure, 
is  lefiened.  This  obfervation  may  be 
of  ufe  to  thofe  who  are  employed  in 

pre- 
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preparing  cinder  for  fale;  and  upon 
inquiry  I find,  that  the  quantity  of 
cinder  procured  from  the  fame  quan- 
tity of  coal  is  very  variable  : when  the 
operation  has  been  longer,  or  the  heat 
greater  than  ufual,  inftead  of  gain- 
ing of  fix  or  eight  bufiiels  from  every 
thirty  bufhels  of  coal,  they  fometimes 
are  not  able  to  get  even  30  bufhels 
of  cinder. 

The  confumption  of  charcoal  in 
fluxing  iron  from  its  ores,  and  in 
manufacturing  it  into  bar  iron,  is  fo 
very  confiderable,  and  the  price  of 
charcoal,  from  the  great  fcarcity  of 
under-wood  in  this  kingdom,  is  fo 
great,  that  many  attempts  have  been 
made  to  fubflitute  in  this  bufinefs 
charred  pit-coal  in  the  room  of  char- 
coal. Thefe  attempts  have  in  part 
fucceeded,  and  iron  is  now  very 
y 4 gene- 
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generally  extracted  from  its  ore  by 
fires  made  with  coak.  But  the  iron 
thus  procured  is  very  fragile  and 
coarfe,  and  cannot,  without  great  dif- 
ficulty, be  rendered  as  malleable  as 
that  which  is  fluxed  with  charcoal ; 
it  may  anfwer  nearly  as  well  for  caft- 
ing,  but  it  cannot  be  made  into 
good  bar  iron  by  any  art  hitherto 
known.  Hence  it  became  an  objedt 
worthy  the  contemplation  of  the  fo- 
ciety  for  the  encouragement  of  arts, 
manufactures,  and  commerce,  to  pro- 
pofe  premiums  for  the  making  of  pig 
iron,  and  converting  pig  iron  into 
bar  iron  with  coak.  The  pigs  and 
bars  were  required  to  be  as  good  as 
thofe  made  with  charcoal,  but  the 
premiums,  though  propofed  from 
1762  to  1766  were  never  claimed 

Thofe 

* Memoirs  of  Agriculture,  Vol.  I.  p.220 
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Thofe  who  are  'interefled  in  iron 

u 

works,  have  motives,  more  prevalent 
than  the  fociety’s  premiums,  to  in- 
duce them  to  perfedt  the  art  of  {melt- 
ing by  means  of  charred  pit-coal; 
and  it  may  not  be  an  ufelefs  hint  to 
them,  to  try  the  effeft  of  coak,  which 
has  undergone  different  degrees  of 
heat,  I ordered  a ton  of  coals  to  be 
put  into  a coak  oven,  and  when  it 
was  in  the  ufual  way  converted  into 
a cinder,  I found  that  it  weighed 
ii  hundred  weight;  had  it  daved 
longer  in  the  oven  it  would  have 
been  reduced  further,  and  it  may 
deferve  to  be  inquired,  whether  there 
is  not  a definite  weight  to  which  any 
given  quantity  of'  coals  ought  to  be 
reduced,  in  order  to  produce  the 
beft  poffible  coak  for  the  fluxing  of 

iron 
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iron  ore.  The  * Alais  pit-coal  is 
faid  to  lofe  half  of  its  weight  by  be- 
ing reduced  to  coak,  whilft  another 
fort  of  coal  loft  only  35  parts  in  an 
hundred : this  diverfity  may  depend 
partly  on  the  nature  of  the  coal,  but 
principally,  I conceive,  on  the  de- 
gree and  continuance  of  the  lire  ufed 
in  the  preparation  of  the  coak. 

“ What  lhall  I fay  further  of 
coals,  except  I tell  you  of  one  Be- 
cher , in  King  Charles  the  Second’s 
time,  who  pretended  to  make  pitch 
and  tar  from  them,  but  I think  his 
project  came  to  nothing-f.”  This 
is  Houghtbris  obfervation  concerning 
a project  of  one  of  the  greateft  che- 
mifts  that  ever  lived.  Whatever 
fate  his  projedt  met  with  in  his  own 

age> 

* Inftruc.  fur  l’Ufage  de  laHouille,  p.  81. 
f Houghton’s  Collec,  Vol,  II.  No.  242, 
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age,  it  has  been  realized  in  ours; 
for  a kind  of  tar  has  for  feveral  years 
iaft  paft  been  prepared  from  coal  in 
the  bifhopric  of  Liege,  and  in  other 
parts  of  Germany;  we  alfo  make 
confiderable  quantities  in  England, 
efpecially  near  Brofeley , and  at  Brif- 
tol  * ; a perfon  at  Briftol  having  ob- 
tained a patent  for  making  tar  from 
pit-coal,  the  condition  of  which,  if 
I am  rightly  informed,  is,  that  every 
perfon  who  undertakes  to  procure 

tar 

* Irt  the  Philof.  Tranf.  No.  228,  year  1697, 
there  is  mention  made  of  pitch  and  tar  being 
then  fe  para  ted  at  Brofeley , in  Sbrapjhire , from 
the  black  bituminous  hone  which  lies  over  the 
coal.  It  was  feparated,  partly  by  boiling  the 

ftone,  and  partly  by  diddling  it the  prefent 

method  of  obtaining  pitch  from  pit-coal  is  a 
great  improvement  upon  the  former  practice. 
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tar  from  pit-coal  muff  pay  a {hilling 
a barrel  to  the  patentee. 

The  method  of  making  tar  is  thus 
defcribed  by  Newmann. — “ Tar  is 
prepared  in  different  parts  of  Ger- 
many, Norway,  Sweden,  &c.  from 
the  pine  and  the  fir-trees,  and  in 
foine  places  from  the  larch  and  the 
terebinth.  The  wood  is  inclofed  in 
a large  oven  to  the  quantity  of  ten 
or  more  loads  at  a time  : this  {lands 
within  another  oven  called  the  man- 
. tie,  the  fpace  between  them  receiv- 
ing the  fire.  From  the  bottom  of 
the  inner  oven  runs  a gutter,  by 
/which  the  tar  is  conveyed  off  in 
proportion  as  it  melts  out  of  the 
wood  This  procefs  is  a kind  of 
diftillation,  in  which  the  inner  oven 

repre- 
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reprefents  the  body  of  the  retort, 
and  the  gutter  its  neck.  The  fluid 
parts  of  refinous  woods  are  probably 
capable  of  being  melted  out  of  them 
with  a lefs  degree  of  heat  than  what 
is  requifite  for  the  diflillation  of  coal, 
yet  the  procefs  for  procuring  tar, 
here  mentioned,  might  be  applied, 
with  a few  alterations,  to  the  obtain- 
ing the  thick  oil  of  coals. — There 
would  in  this  plan  be  no  lofs  of  fuel, 
the  coal  contained  in  the  inner  oven 
would  be  converted  into  one  of  the 
moft  valuable  kinds  of  coak,  anti 
the  fire  between  the  ovens  would 
afford  a cinder  as  good  as  the  com- 
mon cinder. 

In  the  bifhopric  of  Liege  the  coal 
is  diflilled  in  a kind  of  ftill  com- 
pofed  of  tWo  large  cafl-iron  pots.  In 
England  the  coal  is  put  into  ovens 

which 
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which  are  heated  by  fires  lighted 
under  their  bottoms,  and  the  liquid 
matter  is  forced  through  an  iron 
pipe  inferted  into  the  top  of  the  oven, 
and  which  communicates  with  pro- 
per condenfing  veffels.  As  the  pitchy 
oil  is  very  heavy,  the  diftillation,  I 
think,  would  be  moft  advantageoufly 
performed  by  making  the  fire  on 
the  top  of  the  oven  containing  the 
coal,  fo  that  the  liquid  matter  might 
be  made  to  defcend  through  a pipe 
inferted  into  the  bottom  of  the  oven, 
and  communicating  with  proper  re- 
ceivers. 

In  the  great  works  they  obtain 
the  very  fame  fubftances  which  we 
got  from  the  analyfis  of  coal  — a 
corrofive  watery  liquor,  and  two 
forts  of  oil.  The  two  oils  are  put 
into  an  iron  flill,  in  order  to  their 
I being 
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being  further  purified  from  the  Ea- 
tery liquor  with  which  they  are  mix* 
ed ; 6 barrels  of  this  oily  matter 
produce  about  5 barrels  of  oil  of  a 
thicker  confidence ; of  the  oil  thus 
thickened  one  part  is  lighter  than 
the  other,  the  lighter  part  is  drawn 
off  from  the  other,  and  is  not  at  pre- 
fent  applied  to  any  ufe ; the  thicker 
part  is  ufed  as  tar}  for  the  paying 
the  fides  and  bottoms  of  fhips,  but 
it  is  not  found  to  anfwer  fo  well  as 
tar,  either  for  cordage,  or  to  mix  with 
oakum. 

Thofe  who  are  intereded  in  the 
preparation  of  coak  would  do  well 
to  remember,  that  every  96  ounces 
of  coal  would  furnifh  4 ounces  at 
the  lead  of  oil,  probably  6 ounces 
might  be  obtained ; but  if  we  put 
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the  product  fo  low  as  5 ounces  from 
100,  and  fuppofe  a coak  oven  to 
work  off 'only  100  tons  of  coal  in  a 
year,  there  would  be  a fav-ing  of  5 
tons  of  oil,  which  would  yield  above 
4 tons  of  tar : the  requifite  alteration 
in  the  ftrufture  of  the  coak  ovens, 
fo  as  to  make  them  a kind  of  didd- 
ling veffels,  might  be  made  at  a very 
trifling  expence. 

It  has  been  before  obferved,  that 
wood  and  pit-coal  wholly  referable 
each  other  in  the  products  which 
they  yield  by  diflillation,  and  as  the 
oil  from  pit-coal  is  found  to  anfwer 
the  purpofe  of  tar,  it  might  furely 
be  a matter  worthy  the  confideration 
of  thofe  who  are  engaged  in  the 
burning  of  wood  into  charcoal , to 

contrive  means  which  might  eafily 

be 
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be  done,  of  faving  all  the  oil  which 
is  feparated  from  the  wood  during 
that  operation. 

The  acid  liquor  which  is  procured 
from  pit- coal,  when  it  is  diftilled  for 
tar,  is  at  prefent  thrown  away,  as  I 
have  been  informed  by  a perfon  who 
is  much  engaged  in  this  bufinefs. 
Without  entering  into  the  difpute 
concerning  the  origin  of  the  vegeta- 
ble fixed  alkali,  we  may  obferve,  that 
it  is  generally  obtained  from  the 
combuftion  of  the  vegetable,  and 
there  is  reafon  to  think,  that  the  acid 
of  the  vegetable  contributes  in  fome 
way  or  other  towards  its  production  : 
thus  the  concrete  acid  of  tartar  yields, 
by  being  burned,  a great  quantity  of 
fixed  alkali.  Is  it  wholly  improba- 
ble, that  the  acid  liquor  which  is  fe- 
parated from  the  coal  by  diftillation, 
vol.  ir.  Z might 
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might  be  converted  into  a fixed  alkali 
by  being  boiled  down  and  calcined, 
either  by  itfelf,  or  in  conjunction 
with  ftraw,  charcoal  duft,  or  any 
other  fubftance,  containing  the  in- 
flammable principle  ? 

The  making  of  fixed  alkali  in 
Great  Britain,  is  a matter  of  fuch 
great  national  concern,  that  the  com- 
mercial reader  will  excufe  me,  if  I 
give  another  hint  or  two  upon  the 
fubjeCt.  Might  not  pot-afh  be  pre- 
pared in  the  cyder  countries,  from 
the  calcination  of  the  acid  earthy 
pulp,  which  remains  after  the  juice 
is  prefled  out  from  the  apple  ? The 
brewery  grains  are  at  prefent  applied 
to  fome  ufe,  would  they  not,  if  fuf- 
fered  to  turn  Jour , yield  more  profit 
by  being  calcined  for  pct~afh  ? The 
brewery  hops, which  are  impregnated 
n with 
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with  the  fweet  wort,  would  probably 
turn  four,  and  as  they  are  thrown 
away  as  ufelefs,  might  it  not  be  ad- 
vifable  to  fee  whether  they  would 
not  yield  pot-afh  by  calcination  ? 
The  lees  and  refufe  from  the  making 
of  vinegar,  might  be  tried  for  the 
fame  purpofe ; and  fo  might  all  the 
water  which  is  impregnated  with  the 
wafhings  of  the  floors,  veffels,  See, 
in  which  any  vegetable  liquor  is  fer- 
mented, either  into  ale  or  vinegar, 

I remember  having  evaporated,  feve- 
ral  years  ago,  a large  quantity  of 
horfe’s  urine,  with  a view  of  feeing 
whether  it  would  yield  by  cryftai- 
lization,  the  fame  kind  of  phcfphoric 
fait,  which  may  be  obtained  from 
human  urine;  I could  not  procure 
any  fait  of  that  kind  from  it ; but 
when  it  was  evaporated  to  drynefs, 

z a it 
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it  yielded,  even  without  calcination , a 
great  deal  of  fixed  alkali . The  urine 
of  animals,  which  feed  upon  vegeta- 
bles, arifes  from  the  juices  of  the  ve- 
getables, which  have  been  changed 
in  fome  degree  by  the  organs  of  di- 
geftion;  may  not  a fimilar  change 
take  place  by  putrefaction  ? and  may 
not  the  putrefaCtion  of  vegetable 
juices  be  increafed,  by  a fmall  ad- 
mixture of  common  fait  ? and  would 
not  the  quantity  of  alkali  be  thereby 
• increafed  ? Is  it  not  poflible  to  de- 
compofe  common  fait,  by  mixing  it 
with  vegetables  in  a date  of  putre- 
faction ? If  the  acid  of  fait  could  by 
any  cheap  means  be  feparated  from 
its  alkaline  bads,  it  would  undoubt- 
edly be  the  intereft  of  government  to 
exempt  from  the  fait  duty,  all  fuch 
rock  or  &a  fait,  as  ihould  be  con- 
verted 
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verted  into  a fixed  alkali ; for  by  that 
means,  all  the  money  might  be  kept 
in  the  kingdom,  which  is  now  fent 
out  of  it,  for  the  purchafe  of  barilla, 
and  other  forts  of  fixed  alkali. 

It  has,  with  fome  men,  been  a 
fubjed:  of  apprehenfion,  left  all  the 
coal-pits  in  England  lhould  foon  be- 
come exhaufted.  The  quantity  of 
coal  which  is  annually  raifed,  is  cer- 
tainly very  great ; and  as  coal  is  not 
found  to  grow  again,  the  time  mud 
come,  when  it  will  all  be  confumed. 
That  sera,  however,  is  certainly  at 
a great  difiance,  fince  in  thofe  coun- 
ties where  coal  is  found,  thev  are 
conftantly  opening  frefli  pits,  and 
may  for  centuries  to  come  continue 
to  open  more ; and  coal  may,  pro- 
bably, be  difcovcred  in  many  coun- 
ties, where  none  is  extracted  at  pre- 
z 3 ' fent. 
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fent.  It  will  enable  the  reader  to 
form  fome  notion  of  the  great  exca- 
vations,. which  are  annually  made 
in  this  ifland  from  the  digging  of 
coal,  if  we  calculate  the  extent  of 
that  which  is  made  in  one  year,  in 
confequence  of  the  coal  which  is  im- 
ported into  London.  The  following 
account  may  be  relied  on : 

An  account  of  coals  imported  in- 
to the  port  of  London,  in  ten  years,, 
ending  at  Chriftmas,  1779* 

Chriitmas  1770  - - 615,330  chalders. 

1771  - - 694,003 

1772  - - 725,008 

■*773  " " 624,781 

1774  " ’ 623,727 
3775  - - 672,786 

1776  - - 700,207 

3777  . - 697,435 

1778  - - 647,361 

1779  - - 587,895 

•Annual  average  658,853  f 

No 
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No  accounts  are  kept  at  the  Cuf- 
tom  Houfe,  diftinguifhing  the  im- 
portation from  Newcaftle,  Sunder- 
land, Blythe,  Hartlepool,  &c.  or 
from  the  feveral  parts  in  Scotland 
and  Wales,  the  Crown  revenue  not 
being  affected  thereby.  The  duty-  is 
S s.  per  chalder  of  36  Winchefter 
bufhelsj  .on  all  coals  fold  by  meafure, 
and  6 s.  4d.  per  ton,  on  fuch  as  are 
fold  by  weight.  It  appears  -from  the 
preceding  account,  that  in  the  year 
1777,  there  were  imported  into  the 
port  of  London  697,435  chalders, 
and  we  learn  from  another  autho- 
rity*, that  in  the  fame  year  there 
were  imported  from  Newcaftle  and 
Sunderland  alone  692, 093L. chalders ; 
by  comparing  thefe  numbers,  we 
may  obferve  how  frnall  a portion  of 
z 4 the* 

♦'Ann.  Reg.  1777,  Ch.  j6i. 
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the  coal  confumed  in  London*  is 
brought  from  any  other  quarter. 

A chalder  of  coals,  Newcaftle  mea- 
fure,  is  allowed  by  Adt  of  Parliament 
* to  weigh  53  hundred  weight : and 
as  8 Newcaftle  chalders  are  equal  to 
15  London  chalders,  reckoning  36 
Winchefter  bufhels  to  the  London 
chalder,  it  follows,  that  a chalder 
of  coals,  London  meafure,  is  equal 
to  a little  more  than  28  hundred 
weight.  But  fuppofing  28  hundred 
weight  to  be  the  weight  of  a Lon- 
don chalder,  then  as  the  medium 
quantity  of  coal  annually  imported 
into  London  is  658,853  chalders,  it 
may  be  coliedted,  that  there  are  an- 
nually imported  922,394  tons. 

The  following  table  exprefles  the 

relative 
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relative  weights  of  a few  different 
forts  of  coals. 

Weight  of  a cubic  foot  of 

Welfli  coal  - - 1396  ounces  avoir. 

Yorklhire  ftone-coal  1307  

Lancafh.  cannel-coal  1273  

Newcaftle  upon  Tyne  1271  

* Staffordshire  coal  1241  - — 

| Coal  de  Graiffefac  1371  

| Coal  des  Carmaux  1333  

j Coal  d’  Alais  - - 1 500  

Medium  weight  1336  ounces  avoir, 

_ * 

The  Welfh  coal  was  of  that  kind 
which  burns  without  giving  any 
fmoke,  they  mix  it  here  with  cinder 
for  the  drying  of  malt.  The  York- 
fhire  ftone-coal  was  taken  from  a pit 

near 

* Philof.  Tranf.  No.  169. 

X The  weights  of  the  three  French  coals 
were  calculated  from  experiments  mentioned 
in  Initruft.  fur  l’Ufage  de  Houille,  p.  2 . 
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near  Wakefield,  and  is  part  of  the 
ftratum,  which  lies  at  the  bottom  of 
the  black  coal.  The  Cannel  coal 
Was  from  Wigan  in  Lancafhire  : this 
coal  is  commonly  ufed  by  the  coun- 
try people  to  work  by  in  winter 
rights,  inftead  of  candles,  and  its 
name  has  been  probably  derived  from 
its  ufe,  candles  being  called  in  the 
dialed:  of  the  northern  counties,- 
cannels. 

The  Newcaflle  coal  was  of  a kind 

which  is  much  efteemed  at  Cam- 
* 

bridge,  and  which  is  called  Old  Ducks,- 
The  medium  weight  of  a cubic  . foot 
of  thefe  feveral  coals  being  1336- 
avoirdupois  ounces,  a cubic  yard  or 
27  cubic  feet  of  coal,  will  weigh 
2254I  avoirdupois  pounds ; there  are 
2240  fuch  pounds  in  a ton,  hence  we 
may  lay  in  general,  that  a cubic  yard 

of 
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of  pit-coal  weighs  a ton ; fome  forts- 
of  coal  weigh  a few  pounds  more* 
and  other,  a few  pounds  lefs  than  a 
ton.  From  what  has  been  before 
obferved  concerning  the  quantity  of 
eoal  annually  imported  into  London,, 
we  may  now  conclude  that  522,394 
cubic  yards  of  coal  are  annually  dug 
out  cf  the  earth  for  the  fupply  of 
the  London  market.  This  quantity 
of  coal,  if  fpread  to  the  thicknefs 
of  an  inch,  would  cover  an  area  of 
above  10  fquare  miles ; and  no  doubt  , 
the  confumption  of  fo  large  a quan- 
tity contributes  very  much  both  to 
the  daily  dirtinefs  of  the  flreets  of 
London,  and  to  that  elevation  of 
foil  which  is  fufficiently  obvious  in 
the  city  and  its  environs,  when  dif- 
tant  periods  of  time  are  compared 
together* 


The 
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The  weight  of  a London  chalder 
of  coals  is  here  put  equal  to  28 
hundred  weight,  upon  the  fuppofi- 
tion  of  8 Newcaftle  chalders  being 
equal  to  15  London  chalders.  Upon 
weighing  a bufhel  of  the  middle 
fized,  large,  and  fmall  old  ducks , at 
Cambridge,  I found  the  weights  to 
be 

Middle  fized  - 74 

Large  coal  - - 76 

Small  coal  - - 80 

Medium  - 76! 

This  medium  does  not  give  quite  25 
hundred  weight  to  a chalder.  I 
found,  by  weighing  coals  at  another 
warehoufe  in  Cambridge,  that  30 
bufhels  made  a ton,  which  is  74-i 
pounds  to  a bufhel. 

It  is  not  certainly  known  how 
Icng  coal  has  been  dug  in  Great 

Britain ; 
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Britain  ; the  firft  fort  of  fuel  which 
all  nations  ufed  was  probably  wood, 
and  as  that  grew  fcarce  men  began 
to  fearch  into  the  bowels  of  the  earth 
for  fomething  to  fupply  its  place. 
We  have  good  reafon  to  believe  that 
the  Newcaftle  coal  pits  were  wrought 
in  the  time  of  the  Romans,  for  coal 
cinders  have  been  found  at  the  bot- 
tom of  the  foundation  of  a city  built 
by  the  Romans  in  that  county  * ; 
but  whether  they  were  not  wrought 
by  the  Britons  before  the  Roman 
invafion,  is  a queftion  which  cannot, 
perhaps,  be  pofitively  decided  either 
way. 

Anderfon,  in  his  Hiftory  of  Com- 
merce, fixes  the  introduction  of 
Newcaftle  coal  into  London  at  fo 
early  a period  as  the  year  1305  ; and 

mentions 

* Wallis’s  Hilt,  of  Northumberland. 
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mentions  a complaint  of  the  nobi- 
lity and  gentry,  which  was  preferred 
to  the  King  againft  the  ufe  of  fea- 
coal,  as  a public  nuifance.  A fimi- 
lar  prejudice  prevails  at  this  day, 
among  thofe  who  have  not  bees  ac- 
cuftomed  to  pit-coal  fires.  The 
great  Hoffman  had  given  it  as  his 
opinion,  that  the  peripneumony, 
the  dry  aflhma,  and  the  confump- 
tion  were  common  maladies  amongfl 
the  inhabitants  of  Liege  and  Lon- 
don, and  that  they  were,  occafioned 
by  the  great  ufe  of  pit-coal  in  thofe 
places.  M.  Morand,  in  17 69,  was 
at  the  trouble  to  inquire  into  this 
matter,  and  it  appears  from  the  at- 
tentions of  the  College  of  Phyfi- 
cians  in  London’,  of  the  Faculty  of 
Medicine  at  Paris ; of  the  phyficians 
at  Liege , at  Lyons,  and  other  places, 

that 
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that  the  opinion  concerning  the  pe- 
culiar infalubrity  of  pit-coal  fires  » 
utterly  without  foundation. 

It  has  been  remarked  that  coal, 
in  being  diftilled,  yields  near  ~ of 
its  weight  of  air ; in  being  confumed 
by  burning,  it  yields  a great  deal 
more;  for  both  the  refidue  remain- 
ing in  the  retort,  and  the  oil  ob- 
tained by  difiillation,  yield  much 
air  during  combuftion.  I do  not 
think  that  it  would  be  an  extrava- 
gant fuppofition,  if  we  fliould  fay., 
that  the  922,394  tons  of  coal  which 
are  annually  confumed,  difperfed 
into  the  atmofphere  incumbent  over 
London,  500000  tons  of  air  ; and 
this  quantity  may,  probably,  be 
about  L of  the  whole  quantity  of  air, 
which  is  refpired  by  the  inhabitants 
of  .London  in  the  courfe  of  a year. 

Lienee, 
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Hence,  though  it  fhould  be  granted 
that  the  air  from  coal  is  not  more 
nnwholefome  than  that  which  is  fepa- 
rated  from  any  other  kind  of  fuel, 
yet  the  vafl  quantity  of  it  with  which 
the  common  air  over  great  cities  is 
daily  infedted,  may  contribute  Some- 
thing to  the  rendering  them,  what 
they  have  been  juftly  called,  the 
graves  of  mankind. 
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